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I  have  been  bom  on  the  loth  day  of  Sep.,  1810,  in  the  village  of  Kil< 
"^       more,  near  Castlekelly,  in  the  County  of  Galway,  Ireland.     My  mother, 
^        Ellen  Nolan,  daughter  of  Doctor  Nolan,  was  of  that  place,  and  my  father 
'        Michael  McI>ennott  was  from  Flaskagh,  near  Dunmore,  in  the  same 
.        County,  where  I  spent  my  early  years  at  a  village  school  kept  by  Mr. 
James  Rogers,  for  whom  I  have  an  undying  love  through  life.     Of  him 
^        I  learned  arithmetic  and  some  book-keet)ing.      He  read  arithmetic  of 
^        Cronan  and  Roach,  in  the  County  of  Limerick.     They  excelled  in  that 
branch.     John  Gregory,  Esq.,  formerly  Professor  of  Engineering  and  Sur- 
veying in  Dublin;  but  now  of  Milwaukee,  read  of  Cronan,  whicligpnabled 
him  to  publish  his  "  Philosophy  of  Arithmetic,"  a  work  never  equalled  by 
another.     By  it  one  can  solve  quadratic  and  cubic  equations,  the  diophan- 
tine  problems,  and  summation  of  series.  » 

After  having  been  long  enough  under  my  friend  Mr.  Rogers,  I  went  to 
the  Clarcnbridge  school,  kept  by  the  brothers  of  St.  Patrick,  under  the 
patronage  of  the  good  lady  Keddington.  I  lived  with  a  family  named 
Neyland,  at  the  Weir,  about  two  miles  from  the  school,  where  I  had  a 
happy  home  on  the  sea-side.  There  I  read  algebra,  grammar,  and  book- 
keeping. After  being  nearly  a  year  in  that  abode  of  piety  and  learning,  I 
went  to  Mathew  Collin's  Mathematical  school,  in  Limerick.  He  was  con- 
sidered then,  and  at  the  time  of  his  death,  the  best  mathematician  in 
Europe.  His  correspondence  in  the  English  and  Irish  diaries  on  mathe- 
matics proves  that  he  stood  (irst.  I  left  him  after  eight  months  studying 
geometry,  etc.,  and  went  to  Castleircan,  near  Cahirconlish,  seven  miles 
from  I^imerick,  where  I  entered  the  mathematical  school,  kept  by  Mr. 
Thomas  McNaxnara,  familiarly  known  as  lorn  Mac,  and  Father  of  X, 
on  account  of  his  superior  knowledge  of  algebra,  he  was  generally  known 
by  the  name  of  "Father  of  X."  Of  him  I  read  algebra  and  surveying; 
lived  with  a  gentleman  ftlrmer — named  William  Keys,  Esq.,  at  Drim- 
keen,  about  one  and  one-half  miles  south-east  of  the  school.  Mr.  Mac  had 
a  large  school,  exclusively  mathematical,  and  was  considered  the  best 
teacher  of  surveying.  After  being  with  him  nearly  a  year,  I  left  and  went 
to  Bansha,  four  miles  east  of  the  town  of  Tipperary.  Here  Mr.  Simon 
Cox,  an  unassuming  little  man,  had  the  largest  mathematical  class  in  Ire- 
land, and  probably  in  the  world,  having  157  students,  gathered  from  every 
County  in  Ireland,  and  some  from  England.  Like  Mr.  McNamara,  he  had 
speckil  branches  in  which  he  excelled;  these  were  the  use  of  the  globes, 
spherical  astronomy,  analytical  geometry,  and  fluxions.  1'he  differential 
ajnd  integral  calculus  were  ll^en  slowly  getting  into  the  schools.     I  lived 
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with  Dairyman  Peters,  near  the  bridge  of  Aughaliall,  about  three  miles 
east  of  Bansha.  I  remained  two  years  with  Mr.  Cox,  and  then  bade 
farewell  to  hospitable  and  learned  Mun&ter,  where,  with  a  few  exceptions, 
all  the  great  mathematical  and  classical  schools  were  kept,  until  the 
famine  plague  of  1S48  1>roke  them  up.  I  next  found  myself  in  Athleague 
County,  Roscommon,  with  Mr.  Mathew  Cunniff,  who  was  an  excellent 
constructor  of  equations,  and  showed  the  application  to  the  various  arts. 

I  received  my  diploma  as  certified  Land  Surveyor  on  the  sixth  of  Sep- 
tember, 1S36,  after  a  rough  examination  by  Mr.  Fowler,  in  the  theoretical, 
and  William  I^ongBeld,  Esq.,  in  the  practice  of  surveying.  I  soon  got 
excellent  practice,  but  wishing  for  a  wider  field  of  operation,  for  further 
information,  I  joined  tlie  Ordnance  Survey  of  Ireland.  Worked  on 
almost  every  department  of  it,  such  as  plotting,  calculating,  registering, 
surveying,  levelling,  examining  and  translating  Irish  names  into  English. 
Having  got  a  remunerative  employjiient  from  .S.  W.  Parks,  l''.sq.,  land 
surveyor  and  civil  engineer,  in  Ipswich,  County  of  Suffolk,  England.  1 
left  my  native  Isle  in  April,  1838.  Surveyed  with  Mr.  Parks  in  the  coun- 
ties of  Suffolk,  Norfolk,  and  Essex,  for  two  years,  then  took  the  field  on 
my  own  account.  I  left  hapi^y,  hospitable,  and  friendly  England  in  April, 
1842,  and  sailed  for  Canada.  Landed  in  Quebec,  where  I  soon  learned 
that  I  could  not  survey  until  I  wouKl  serve  an  aiiprenticcship,  be  examin- 
ed, and  receive  a  diploma. 

I  sailed  up  the  St.  Lawrence  and  Ottawa  Rivers  to  By  town, — then  a 
growing  town  in  the  woods, — but  now  called  Ottawa,  the  seat  of  the  Gov- 
ernment of  P>ntish  America.  I  engaged  as  teacher  in  a  school  in  Aylmer, 
nine  miles  from  Bytown  (now  Ottawa).  At  the  end  of  my  term  of  tltfee 
months,  I  joined  John  McNaughton,  Esq.,  land  surveyor,  and  justice  of 
the  peace,  until  I  got  my  diploma  as  Provincial  I^nd  Surveyor  for  Upper 
Canada,  dated  December  16,  1843,  ami  my  diploma  or  commission  for 
Lower  Canada,  dated  September  12,  1844. 

I  spent  my  time  about  equally  dividetl  l^tween  making  surveys  for  the 
Home  (British)  Goverment  four  years,  and  the  Provincial  Government,  and 
private  citizens,  until  I  lell  B)lown  in  September,  1849,  having  thrown  up 
an  excellent  situation  on  the  Ordnance  Department.  I  never  can  forget 
the  happy  days  I  have  been  employed  on  ordnance  surveys  in  Ireland, 
under  Lieutenants  Brougton  and  I^ncy.  In  Canada,  under  the  supervision 
of  Lieutcnnnls  White  and  King,  and  Colonel  Thompson,  of  the  Royal 
Engineci-s.  In  my  surveys  for  the  Provincial  Government  of  Canada,  I» 
always  found  Hon.  Andrew  Russell  and  Joseph  Iktuchette,  Surveyor- 
Generals  and  Thomas  Devinc,  Esq.,  Head  of  Surveys,  my  warmest 
friends.  They  are  now — October  7,  1878 — living  at  tJie  head  of  their 
respective  old  Departments,  having  lived  a  long  life  of  usefulness,  which 
I  hope  will  be  prolonged.  To  Sir  William  Logan,  Provincial  CJeologist, 
T  am  indebted  for  much  information.  1  lived  neaily  eight  years  in  Ottawa, 
Canada,  where  my  friends  were  very  numerous.  The  dearest  of  all  to  me 
was  Alphonso  Wells,  Provincial  Land  Surveyor,  who  was  the  best  sur- 
veyor I  ever  met.  He  had  been  so  badly  frost-bitten  on  a  Government 
survey  that  it  was  the  remote  cause  of  his  death. 

On  one  of  my  surveys,  far  North,  I  and  one  of  my  men  were  badly  frost- 
bitten. He  died  shortly  after  getting  home.  I  lost  all  the  toes  of  my  left 
foot  an<l  seven  fingers,  leaving  two  thumbs  and  the  small  finger  on  the 
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ngtit  hand.  After  the  amputation,  I  soon  healed,  which  I  attribute  to  my 
strictly  temperate  habits,  for  I  never  drank  spirituous  liqu  )r  nor  used  that 
narcotic  weed — tobacco. 

In  Sept.,  1849,  I  left  the  Ordnance  Survey,  near  Kingston.  Having 
surveyed  about  I20  miles  of  the  Rideau  Canal,  in  detail,  with  all  the  Gov- 
ernment lands  belonging  to  it.  On  this  service  I  was  foiir  years  employed. 
I  came  to  the  City  of  Milwaukee,  September,  1849;  could  find  no  survey- 
ing to  do.  I  opened  a  school,  October  i.  Soon  gathered  a  good  class, 
which  rewarded  me  very  well  for  my  time  and  labor.  Here  I  made 
the  acquaintance  of  many  of  the  learned  and  noble-hearted  citizens  of  the 
Cream  City — Milwaukee,  amongst  whom  I  have  found  the  popular  Doc- 
tors Johnson  and  Ilubeschman;  I.  A.  LAP  1 1  AM ;  Pofessor  Buck;  Peters, 
the  celebrated  clock-maker;  Byron  Kilboume,  Esq.;  Aldermen  Edward 
McGarry,  Moses  Neyland,  James  Rogers,  Rosebach,  Furlong,  Dr.  Lake; 
John  Furlong,  etc.,  etc.  I  found  extraordinary  friendship  from  all  Ameri- 
cans and  Germans  21s  well  as  Irishmen.  I  was  appointed  or  elected  by 
the  City  Council,  in  the  following  April,  as  City  Engineer,  for  1850  and 
part  of  1851.  I  was  reappointed  in  April,  185 1,  and  needed  but  one  vote 
of  being  again  elected  in  1852.  I  made  every  exertion  not  to  have  my 
name  brought  up  for  a  thinl  term,  because,  in'AIilwaukee  the  correct  rule, 
"  Rotation  in  office  is  true  democracy,  **  was  adhered  to.  In  accordance  with 
a  previous  engagement,  made  with  Wm.  Clogher,  Esq.,  many  years  City 
Surveyor  of  Chicago,  I  left  Milwaukee  with  regret,  and  joined  Mr.  Clog- 
her, as  partner,  in  April,  1852,  immediately  after  the  Milwaukee  election. 
Worked  together  for  one  year,  and  then  pitcherl  my  tent  here  since,  where 
I  have  been  elected  City  Surveyor,  City  Supervisor,  and  had  a  hand  in  al- 
most if  not  all  the  disputed  surveys  that  took  place  here  since  that  time. 

I  have  attended  one  course  of  lectures  on  chemistry,  in  Ipswich,  Eng- 
land, in  1840,  and  two  courses  at  Rush  Medical  College,  under  the  late 
Prof.  J.  V.  Z.  Blaney,  and  two  under  Dr.  Mahla,  on  chemistry  and  phar- 
macy. By  these  means,  I  believe  that  I  have  given  as  much  on  the  sub- 
ject of  analysis  as  will  enable  the  surveyor  or  engineer,  after  a  few  days 
application',  to  determine  the  quality  and  approximate  (quantity  of  metal  in 
any  ore.  To  the  late  Sir  Richard  Giiffith,  I  am  indebted  for  his  **  Manual 
of  Instructions,*'  which  he  had  the  kindness  to  send  me,  May  23,  1 861. 
He  died  Sept  22,  1878,  at  the  advanced  age  of  94  yeais;  beipg  the  last 
Irishman  who  held  office  under  the  Irish  Government,  before  the  Union 
with  England.  He  was  in  active  sendee  as  surveyor,  civil  engineer,  and 
land  valuator  almost  to  the  day  of  his'xleath. 

The  principles  of  geometry  and  trigonometry  are  well  selected  for  useful 
applications.  The  sections  on  railroads,  canals,  railway  curves,  and  tables 
for  earthwork  are  numerous. 

The  Canada  and  United  States  methods  of  surveying  are  given  in  detail, 
and  illu.strated  with  diagrams.  Sir  Richard  Griffith's  system  of  valuation 
on  the  British  Ordnance  Survey,  and  the  various  decisions  of  the  Supreme 
Courts  of  the  L^nited  Stales  are  very  numerous,  and  have  been  sometimes 
used  in  the  Chicago  Courts  as  authority  in  surveys.  Hydraulics,  and  the 
sections  on  building  walls,  dams,  roofs,  etc.,  are  extensive,  original,  and 
comprehensive.  The  sections  and  drawings  of  many  bridges  and  tunnels 
are  well  selected,  and  their  properties  examined  and  defined.  The  tables 
of  sines  and  tangents  are  in  a  new  form,  with  guide  lines  at  every  five  min- 
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minutes.  The  traverse  table  is  original,  and  contains  88  pages,  giving 
latitude  and  departures  for  every  minute  of  four  places,  and  decimals, 
and  for  every  number  of  chains  and  links.  The  North  and  South  polar 
tables  are  the  results  of  great  labor  and  time.  The  table  of  contents  is 
full  and  explicit.  I  believe  the  surveyors,  engineers,  valuators,  architects, 
lawyers,  miners,  ttvigators,  and  astronomers  will  find  the  work  instructive. 

I  commenced  my  traverse  table,  the  first  of  my  Manual,  on  the  15th  of 
October,  1833,  and  completed  my  work  on  the  8th  of  October,  1878. 

The  oldest  traverse  table  I  have  seen  was  published  by  D'Burgh,  Sur- 
veyor General,  in  Ireland,  in  1723,  but  only  to  quarter  d^rees  and  one 
chain  distance.  The  next  is  that  by  Benjamin  Noble,  of  Ballinakil,  Ire- 
land, entitled  ^'Geodesia  Hibemica,"  printed  in  176S,  were  to  X  degrees 
and  50  cliains.  The  next,  by  Harding,  were  to  )(  degrees  and  loo  chains. 
In  my  early  days,  these  were  scarce  and  expensive;  that  by  Harding,  sold 
at  two  pounds  two  shillings  Sterling,  (about  $10.50). 

Gibson's  tables,  so  well  known,  are  bul  tu  X  ^Icgrees  and  one  chain 
distance. 

Those  by  the  late  lamented  Gillespie,  were  but  to  }4  degrees,  three 
places  of  decinuds,  and  for  i  to  9  chains.  Hence  appears  the  value  of  my 
new  traverse  table,  which  is  to  every  minute,  and  can  be  used  for  any 
required  distances. 

Noble  gave  the  following  on  his  title-page :  "  Ye  shall  do  no  unright- 
eousness in  meteyard,  in  weight,  or  in  measure."  I^viticus,  chap,  xix,  35; 
"Cursed  be  he  that  rcmoveth  his  neighbor's  landmark."  Deuteronomy, 
jhap.  xxvii,  17. 

I  lost  thirty -two  pages  of  the  present  edition  of  1000  copies  in  the  great 
Chicago  fire,  Oct.  9lh  and  loth,  1871,  with  my  type  and  engravings;  this 
jaused  some  expense  and  delay. 

The  Manual  has  524  pages,  strongly  bound,  leather  baick  and  comers. 

MICH'D  McDERMOTT. 
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Given  three  sides  to  find  the  angles, 20  • 

Heights  and  distances,  chaining,  locating  lots,  villages,  or  towns,  .  .*  2il 

How  to  take  angles  and  repeat  them  for  greater  accuracy, 212 

How  to  prove  that  all  the  interior  angles  of  the  survey  are  coirect, . .  213 

To  reduce  interior  angles  to  quarter  compass  bearings, 204 

To  reduce  circumferentor  or  compass  bearings  to  those  of  the  quarter 

compass, 214 

How  to  take  a  traverse  survey  by  the  English  Ordname  Survev 

method, '.  2'(5 

1^  Burgh's  method  known  in  America  as  the  Pennsylvanian,    217 

Table  to  change  ciraimferentor  to  Quarter  compass  bearings,   218 

To  find  the  Northings  and  Southmgs,  Eastings  and  Westin^js,   by 

commencing  at  any  ix}int, 219 
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Inaccessible  distances  where  the  line  partly  or  entirely  is  inaccessible,  221 
Tliis  embraces  fourteen  cases,  or  all  that  can  possibly  be  met  in  practice. 

From  a  given  point  P  to  find  the  distances  P  A,  P  B,  P  C', 

in  the  triangle  ABC,  whose  sides  A  P>,  B  C,  ami  CD  are  given, 
this  embraces  three  possible  positions  of  the  observer  at  P,   238 

SPHERICAL  TRIGONOMETRY. 

Properties  of  splierical  triangles.     Page  72n*9, 345 

Solution  of  right  angled  spherical  triangles, ;^2 

Napier's  rules  for  circular  parts,  with  a  table  and  examples, 3G3 

<^uadrantal  spherical  triangles, 304 

( )blique  angled  spherical  triangles, 36,1 

I'^undamental  formula  applicable  to  all  spherical  triangles, «^<> 

Formulas  for  finding  jsides  and  angles  in  every  case, 307 

SPHERICAL   ASTRONOMY. 

Definitions  and  general  properties  of  refraction,  parallax  dip,  greatest 

a/imuth,  refraction  in  altitude,  etc.,  etc., 375 

Find  wlien  a  heavenly  body  will  pass  the  meridian, 376 

Find  when  it  will  be  at  its  greatest  azimuth, 384 

Find  the  altitude  at  this  time, 384 

Find  the  variation  of  the  compass  by  an  azimuth  of  a  star 383 

I'^ind  latitude  by  an  ol^servation  of  the  sun, 377 

Find  latitude  when  the  celestial  object  is  off  the  meridian, 378 

Find  latitude  by  a  double  altitude  of  the  sun, 379 

Find  latitude  by  a  meridian  alt.  of  polaris  or  any  circumpolar  star,  . .  380 

Find  latitude  when  the  star  is  alx)ve  the  pole, 38] 

l''ind  latitude  by  the  pole  star  at  any  hour, 382 

Krrors  respecting  polaris  and  alioth  in  Ursamajoris  when  on  the  same 

vertical  plane.     (Note. ) 389 

Letters  to  the  British  and  American  Nautical  Ephemeris  offices, 380 

Application  and  examples  for  Observatory  House,  corner  of  Twenty- 
sixth  and  Halsted  streets,  Chicago.     Lat.  4r,  50',  30".     Long.  87\ 

34',  7",  W., r89 

Remarkable  proof  of  a  Supreme  Being.     Page  72!i*24, 38<i 

True  time;  how  determined;  example, 387 

True  time  by  equal  altitudes;  example.     Page  72n*2  J,   3i'0 

True  time  by  a  horizontal  sundial,  snowing  how  to  construct  one,  . .  .390* 

1  .ongitnde,  difference  of, 392 

Longitude  by  the  electric  tel^raph, N9  I 

Longitude ;    how  determined  for    Quebec    and    Chicago,    by  Col. 

( iraham,  U.  S.  Engineer 393 

r.ongitude  by  the  hcliostat.     Page '.  2h*30, 393a 

Ix^ngitude  by  the  Drummond  li<fht  and  moon  culminating  stars, 394 

Longitude  by  lunar  distances ;  Young's  method  and  example, .'95 

Reduction  to  the  centre,"  that  is  reducing  the  angle  taken  near  the 
point  of  a  spire  or  comer  of  a  public  building,  to  that  if  taken  from 

the  centre  of  these  points ;  by  two  methods, 244 

Inaccessible  heights.     When  the  line  A  B  is  horizontal, 246 

When  the  ground  is  sloping  or  inclined,  three  methods, 249 

TRAVERSE   SURVEYING. 

Methods  of.     Sec  213  to  217  and 255 

To  find  meridian  distances, 237 

Method  I.     Begin  with  the  sum  of  all  the  East  departures, 258 

Method  II.     First  meridian  pass  through  the  most  Westerly  station, .  239 
.Method  III.     First  meridian  pass  through  the  most  Northerly  .station,  260 

Offsets  and  inlets,  calculation  of, 261 

{ )rdnance  methcnl  of  keeping  field-books '  ^>- 

.Supplying  lost  lines  and  bearings.     ( Four  cases. ) 263 

To  find  the  most  W'esterly  station 264 

'I'o  calculate  an  extensive  survey  where  the  first  meridian  is  made 
a  base  line,  at  each  end  of  which  a  station  is  made,  and  calculated 
])y  the  third  method, 264 

CANADA  SURVEYING. 

W'ho  are  entitled  to  survey 301 
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Maps  of  towns,  how  made  to  be  of  evidence, 304 

How  side  lines  are  to  be  ran.     Page  72w,  in  township5;,  • 302 

How  side  lines  in  seignories.     Page  72w,  in  townships, 305 

Where  the  original  posts  or  stakes  are  lost,  law  to  establish, 306 

Compass. — Variation  of  examples.     2(i4h  and 2G4a 

Find  at  what  time  pilaris  or  any  other  star  will  be  at  its  greatest 

azimuth  or  elongation, 2()4b 

Find  its  greatest  azimuth  or  elongation, 264c 

Find  its  altitude  at  the  above  time, 264d 

Find  when  polaris  or  any  other  star  culminate  or  pa^s  tlic  meridian,  .264e 

Example  for  altitude  and  azimuth  in  the  above, 264f 

How  to  know  when  polaris  is  above,  below,   Ka>t  or  West  of  the 

true  pole, 264g 

How  to  establish  a  meridian  line.     Page  71, 264h 

To  light  or  illume  the  cross  hairs, 26") 

UNITED   STATES   METHOD   OK   SIRVEYINO. 

Sptem  of  rectangular  surveying, 26(> 

What  the  Uniteil  States  law  recjuires  to  be  done, 207 

Measurements  chainmg,  and  marking,  i6l» 

Base  lines,  principal  meridians,  correction  or  standard  lines, 270 

North  and  south  section  lines,  how  to  l>e  surveyed, 272 

East  and  west  section  lines,  random  and  true  lines, 273 

East  and  we>t  intersecting  navigable  streams, 274 

Insuparable  obstacles,  witness  points, 275( 

Limits  in  closing  on  navigable  waters  and  township  lines, 2<6 

Meanderinig  of  navigable  streams, 277 

Trees  are  marked  for  line,  and  bearing  trees, 278 

Township  section  comers,  witness  mounds,  etc., 279 

Courses  and  distances  to  witness  points,  2^5 

Method  of  keeping  field  note.s, 2^8 

Lines  crossing  a  navigable  river,  how  determined, 292 

Meandering  notes, 293 

Ix»t  comers,  how  to  restore, 294 

Present  subdivision  of  sections, "97 

Government  plats  or  maps, 2  9 

Surveys  of  villages,  towns,  and  cities, IJOO 

Establishing  lost  corners  in  the  above, 300 

TRIGONOMETRIC  At  SURVEY  INC.      Page  72ii*35. 

Base  line  and  primary  triangles,  .secondary  triangles.  How  triangles 
are  l)est  subdivided  for  detail  and  checked.  Method  of  keeping 
field-books.    When  there  arc  wood  traverse  surveying.    To  protract 

the  angles,  ordnance  method, 396 

Method  of  protraction  by  a  table  of  tangents,  etc 401 

Plotting,  McDermott's  method,  using  two  scales, 412 

Finishing  the  plan  or  map,  and  coloring  for  vanious  States  of  cultiva- 
tion  ' 413 

Registered  sheets  for  contents, 402 

Computation  by  scale, 403 

Contouring,  field-work,  final  examination, 41 1 

DIVISION   OF   LAND.      403a. 

Area  cut  off  by  a  line  drawn  from  a  given  point,  405.  By  a  line 
parallel  to  one  of  its  sides,  40).  By  a  line  at  a  given  angle  to  one 
of  its  .sides,  406, 40 1 

From  a  given  point  P  within  a  given  figure  to  draw  a  line  cutting  off 
a  given  area, 420 

From  a  given  triangle  to  cut  off  a  given  area  by  a  line  drawn  through 
a  given  point, • 420a 

To  divide  any  quadrilateral  figure  into  any  number  of  equal  parts, 
409,  continued  in  419a, 409 

LEVELLING. 

Form  of  field-book  u.sed  by  the  English  and  Irish  Boards  of  Public 
Works,  414 
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IJy  McDcrmott's  method, 415 

Uy  barometrical  olxservations, 416 

Table  for  barometrical.     Tables  416  ami  417, 417 

Hxample  by  Colonel  Frome, 418 

By  boiling  water.     Tables  A  amd  B ? .  41i> 

CORRECTIONS. 

Additional,  and  corrections,  geodetical  juHsprudence,  laying  out 
curves,  canals,  corrections  of  D*Arc/s  formula, 421 

GEODETICAL  JURISPRUDENCE. 

United  States  laws  respecting  the  surveyimr  of  the  public  lands, 906a 

Supreme  court  decisions  of  land  cases  of  the  State  of  Alabama, 307 

Supreme  court  decisions  of  land  cases  of  the  States  of  Kentucky  and 

Illinois, 30» 

Various  supreme  court  decisions  of  several  States  on  boundary  lines, 
highways,  water  courses,  accretion  and  alluvion,  309r,  highways, 

;i01W,  backwater.  Page  72b5,  30ft/,  up  to  date, 309a 

Ponds  and  lakes, 3  j9b 

New  streets  (continued  421).    Page  72b10, 3^9</ 

SIR  RICHARD  GRIFFITH'S  SYSTEM   OF  VALUATION. 

Act  of  Parliament  in  reference  to, 309/ 

Average  prices  of  farm  produce,  and  price  of  li\e  weights,     309/ 

Lands  and  buildings  for  scientific,  charitable,  or  public  purposes,  how 

valued, 30(*i' 

Kield-book,  nature  and  oualification  of  soils.     309^  and  309^,  ..... .30-^>^ 

Calcareous  and  peaty  soils.     309>6  and  309/, 309/ 

Von  Thaer's  classification  of  soils,  table  of, 309/// 

Classification  of  soils  with  reference  to  their  value, 309// 

'1  ables  of  produce,  and  scale  for  arable  land  and  pasture.  309r,  309/,  309y 
Fattening,  superior  finishing  land,  dairy  pasture,  store  pasture,  land 

in  medium  situation  and  local  circumstances, ... 309/- 

Manure,  market,  condition  of  land  in  reference  to  trees  and  plants,  309c 

Mines,  Tolls,  Fisheries,  Railway  waste, .310 

Valuation  of  buildings,  classification  of  same,  measurement  of, 310^/ 

Modifying  circumstances, 310^ 

Valuation  in  cities  and  towns, 310/ 

Comparative  value, 3W||?- 

Scale  of  increase, 310/ 

WATER  POWER. 

Horse' power,  modulus  of,  for  overshot  wheels, 31({/ 

Form  of  field-book  for  water  wheels,  head  of  water,  etc., 310^  to  310/ 

Overshot,  undershot,  and  turbine  wheels, 310> 

Valuation  of  water  power,  modifying  circumstances, 310«/  to  310// 

Horse  power  determined  from  the  machinery  driven, 3109 

Beetling  and  flour  mills.     Mills  in  Chicago,  note  on, 310/ 

Valuator's  field-book,  form  of,   used  on  the  Ordnance  valuation  of 

Ireland, 310^  to  310r/' 

Valuation  of  slated  houses,   thatched  houses,   country  and  towns. 

Tables  I  to  V, 3101^  to  310a 

( jeological  formation  of  the  earth.     Table,  72b52, 310» 

Rocks,  quarts,  silica,  sand,  alumnia,  potash,  lime,  soda,  magnesia, 
felspar,  albite,  labradorite,  mica,  porphyrific,  hornblende,  augtte, 
gneiss,  porphyritic,  gneiss,  protogine,  serpentine,  syenite,  por- 
phyritic  granitoid,  talc,  steatite  or  soapstone,  limestones,  impure 
carbonate  of  lime,  Fontainbleau  do.,  tala,  malaclite  satin  spar,  car- 
bonate of  magnesia  or  dolomite, lUih: 

Sir  Wiliiam  Jufgan^s  report  on  six  specimens  of  dolomite, 310c 

Magnesian  mortars.     Page.72B56 310c 

Limestones,  cements  used  in  Paris,  artificiad  cements,  plaster  of  Paris, 

water  lime,  water  cement,  building  stones.     Page  72b56, 310c 

Sands  (various),  Fuller's  earth,  clay  for  brick,  potter's,  pipe,  fire  brick, 

marl,  chalk  marl,  shelly  and  slaty  marL     Pa^e  72b57, 310c 

Table  of  rocks,  composition  of  310c,  composition  of  grasses, 310i> 

Table  of  rocks,  composition  of  trees  weeds,  and  plants, 310e 
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Composition  of  grains,  straws,  vegetables,  and  legumes, SlOt* 

Analysis  and  composition  of  the  ashes  of  miscellaneous  ai'ticles 31(K^ 

Analysts  and  percentage  of  water,   nitrogen,    phosphoric    acid    in 

manures, 3*0i 

Sewage  manure.     Opposition  to  draining  into  rivers, 310j 

DESCRirnON   OF   MINERALS, 

Indndlng  antimony,  arsenic,  bismuth,  cobalt,  copper,  nickel,  zinc, 
manganese,  platinum,  gold,  silver,  mercury,  lead,  nnd  iron,  With 
all  the  varieties  of  each  metal,  where  found,   its  lu-irc,  Iraciure, 

specific  gravity,  etc., 310k 

Sf/tJ  bodies,  examination  of  310l.     By  Blow- pipe 31(W 

Metallic  substances.     Qualitative  analysis  of, 310n 

Metallic  substances.     Quantitative  analysis, 310q^ 

Tahle — Of  symbols,  equivalents,  and  compounds, 3l0i* 

TaUe — Action  of  reagents  on  metallic  oxides SlOy- 

Table — Analysis  of  various  soils, 310r 

Analysis  of  soils,  how  made, 310s 

Analysis  of  magnesian  limestone, 310t 

Analysis  of  iron  pyrites, 310u 

Analysis  of  copper  pyrites,  310//,  zinc,  310w, 3I0u  to  310>V' 

To  separate  gold,  silver,  copper,  lead,  antimony, 310x 

To  separate  lead,  and  bismuth.     Page  72b94, 310x 

To  determine  mercury,  310y,  tin,  310.     Page  72ij35, 3 10\- 

HYDRAULICS. 

Hydraulic  mean  depth  of  a  rectangular  water  course  of  a  circle,  ....     71> 
Parabolic  sewer,  134.     Table  showing  hydraulic  mean  depth*;  of  para- 
bolic and  circular  sewers,  each  having  the  same  .sectional  areas, 135 

^^^-shaped  sewer,  its  construction  and  properties, 140 

Rectilineal  water  courses,  144.  Best  form  of  conduits,  including  cir- 
cular, rectangular,  triangular,  parabolic,  and  rectilineal, 146 

Table  of  rectilineal  channels,  where  a  given  sectional  area  is  enclosed 

by  the  least  perimeter,  or  surface  in  contact, 167 

A  table  of  natural  slopes  and  formulas, 147 

Estimating  the  density  of  water,  mineral,  saline,  sulphurous,  chaly- 
beate,   , .'.307, 

BousiNGAULT*s  remarks  on  potable  water.     Page  7-ny.", 310z 

Supply  of  towns  with  water, 310/. 

Solid  matter  in  some  of  the  principal  places.     Page  7*2n97, 310/ 

Annual  rain  fall  in  various  places  and  countrio, 310a* 

Daily  supply  in  various  cities, 310 

Conduits,  or  supply  mains, 310b* 

Discharge  throw  pipes,  and  orifices  under  pressure, 310c* 

Vena  contracta  and  coefficient  ///  of  contraction.     P.  72b100,  .310c* 

Adjutages,  experiments  by  Michellotti  Wcisbach.     P.  72b10I, 310c* 

Orifices  with  cylindrical  and  conical  adjutages, 31  Od* 

Table — Angles  of  convergence,  discharjre,  and  velocity, 310l)* 

Table — Blackwill's  coefficient   ftir  oNcrfall  weirs.      Fii-st  and  second 

Experiments,  310k* 

Experiments  by  Poncelet  and  I^ebros.     DuBuats,  Smcaton,  Brinley, 

Kennie,  with  Poncelet  and  Lebros*  table, 310e*  and  31  Of* 

Example  from  Neville's  hydraulics.     Page  7'2b105, 310f* 

Formula  of  discharge  by  Boileau, 310// 

Formula  of  discharge  <^  for  orifices  variously  placed, 310/: 

Formula  of  time  and  velocity  for  the  aljove 310/^ 

Formula  by  D*Arcy  incorrect,  page  264,  but  here  corrected, 310r 

Formula,  value  of  coefft.,  by  Francesof  f.owcU,  Tlionipsonof  I'clfast 

and  Girard,  of  France 310i 

Spouting  Huids,  310i 

Water  as  a  motive  pow^.     Available  horse-power, 310k. 

High  pressure  turbines  for  every  ten  horse-power.     P.  72i:l(H», 310j* 

Artesian  wells,  and  reservoirs.     Page  72 h  108, 310k 

Jetties, 3iad> 
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LAND   AND   CITY   DRAINAGE  AND   IRRIGATION. 

Hilly  districts,  tile  and  pipe  drains, 310p 

Draining  cities  and  towns,  sewers, 310r 

Sanitary  hints 310x10 

Irrigation  of  lands, 310q 

Kawlinson's  plan, 310(,> 

Supply  of  guano  will  soon  be  cxIuiusIcmI 310b 

On  the  steam  engine,  horse-power.  .Vdiniralty  rule,  work  done  by 
expansion, 3I0s 

PRESS LRI-:   OF    in- IDS   ON    RETAINING  WALI^. 

Centre  of  pressure  against  a  rectangular  wall,  cylindrical  vessel,  darns 
in  masonry,  foundations  of  basins  and  dams,  waste  weir,  thickness 

of  rectangular  walls,  cascades,  72bIII, 310t 

Retaining  walls,  Ancient,  and  Hindoo  reservoirs, 3l0t 

To  find  the  thickness  of  the  rectangular  wallA  B  to  resist  its  being 
tumed  over  on  the  point  D.     Page  72ij1  12, 3lOu 

REVETMENT   WALLS. 

Wall  having  an  external  batter, 31  Ol',  310u* 

Table  for  surcharges,  by  Poncelet 3lOrt^ 

AValls  in  masonry,  by  Morin,  310r('3,  dry  walls 3107^4 

The  greatest  height  to  which  a  pier  can  l»e  built, 310r&(ia 

Piers  and  abutments, 310x1  J 

Vauban,  Rondelet,  Knglihh  engineers,  and  Colonel  Wu mil i^.  P.  72i'.l  15. 
Pressure  on  the  key  and  foundations,  by  Rankine,   i  o\,  Urunlee, 

Blyth,  Hawkshaw,  General  Morin,  Vicat, 3107t^> 

Outlines  of  some  important  walls  of  docks  and  dams,  including 
India  docks,  Ix>ndon,  Liverpool  Seawall,  dams  at  Poona  and 
Toolsce,  near  Bombay,  East  Indies,  Dublin  quay  >vall,  Sunderland 
docks,  BrUtol  do.  Revetment  wall  on  the  Dublin  and  Kingston 
Railway,  Chicago  street  revetment  walls,  dam  at  Blue  Island,  near 

Tunnels, 310tt'3 

Blasting  rock 310w7 

Chicago,  dam  ai  Joncj>'  Fallb,  Canada 3l07Cfll 

Pile  driving,  coffer-dams,  and  foindatimns.     P.  72i:I1G,  . .  .310v 

The  power  of  a  pile,  screw  pile,  hollow  pile, 310vl 

Examples — French  standard,  Nasmyth  steamhammer.     When  men 

are  used  as  jDower.     72b117, 3l0vl 

Mr.  Mc Alpine's  formula  derived  from  facts, 3lOr' 

Cast-iron  cylinders,  when  and  where  first  useil, 310rl 

Foundations  of  timber.     Pile  driving  engine, .310v2 

Coffcr-dam-s  of  earth,  Thames  tunnel,  Victoria  bridge  in  Montreal, 
Canada, 3l0v^ 

wood    AM)    IRON    PUI>KRVING. 

When  trees  .should  be  cut,  natural  .seasoning,  artificial  do.,  Napier's 
process,  3l0v4,  Kyan's  process,  corrosive  sublimate,  Bnmett's 
method,  310^4^,  BethelPs  method,  Payne's  do.,  Boucher's  do., 
Hyett's  do.,  I^e  and  Perenot,  Harvey's  by  exhausted  steam, . .  72b119 

MORTAR,    CONCRETE,    AND   CEMENT. 

At  Woolwich,  Croton  Water  Works,  Forts  Warren  and  Richmond. 
Page  72b121. 

^^ICAT's  METHOD.     Croiting,  uv  S.meaton. — Iron  Cement. 

Stoney's  experiments  on  cement.     Page  72b121, 3I0&<> 

Cement  for  moist  climates.     Page  72b122 310v6 

Concrete  in  I^ondon  and  L'nitetl  States, 310i'7 

Betiiu — Mo'.e  at  Algiers,   Africa, , 310^7 

Preservation  of  iron, SP'r-S 

Victoria  artificial  stom:.     Page  72b123, 310r'!) 

Ransom's  method  to  make  blocks  of  artificial  stone, 3102/10 

Silicates  of  potash,  of  soda, 310r'10 

WALLS,    beams,   and   PILI^RS. 

To  test  building  stone, 310Lr4 

Chimneys 310w9 
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Walls  and  foundations, 3102^11 

Table — Kind  of  wood,  spec,  grav.,  both  ends  fixed  and  loaded  in  the 

middle.     Breaking  weight.     Transverse  strain, S\(hfl2 

Fonnula  for  beams.     Page  72b125, SlOi'li? 

Timber  pillars,  by  Rondelet, 310z/].^ 

Hodgkinson's  formula  for  long  square  pillars,, 310z/14 

Brereton's  experiments  on  pine  timber, 31(h'15 

Safe  load  in  structures, 3I0£']r> 

Strength  of  cast-iron  beams, SlOvU> 

Strongest  form,  Fairbaim's  form, 310z/16 

CalcnEite  the  strength  of  a  truss-beam, 310£'17 

To  calculate  a  common  roof, 310li7 

Angles  of  roofs, 310Lr.5 

Beams,  wrought- iron, — box.  310z/18 

Gordon's  rules  for  cast; iron  pillars, , 31(h^0 

Depth  of  foundations, 310:«.4 

Walls  of  buildings 3.0?^;^ 

force  and  motion. 

Parallelogram  of  forces.     Polygon  of  do., 31 1 

Falling  bodies.     Theoretical  and  actual  mean  velocities  of.     Virtual 

velocities, 312  ami  319n> 

Composition  of  motions.     Page  72e.     When  motion  is  rctarde<l,  ...   31  "J 

Centre  of  graxity  in  a  circle,  square,  triangle,  trapezoid. 313 

in  a  trapezium,  cone  or   pyramid,   frii^trum  of  a,  circular,  sectDr,         * 

semictrple,  (juadrant,  circular  ring, 313 

0/  Solids, — Of  triangular  pyramid,  a  cone,  conic  fnistrum,   in  any 
polyhedron.      Paraboloid,   fnistrum  of  a,   prismoid,    or   ungula. 

Spherical  .segment, 314 

S|»ECIF1C  Ckwrrv,  and  dmsUy.     Page  72  H.     Variou.s  methods,  ...  315 
Of  a  liquid,  31i),  body  lighter  than  water,  318,  of  a  powdct  soluble 

in  water, 316 

Table — Specific    gravitie-*    of   bodies.     Weight  one    cubic    foot  in 

pounds,   » 31i).f 

Table — Average  bulk  in  cubic  feet  of  one  ton,  2240  poiiiuis,  of  vari- 
ous materials, 3)0/;, 

Table — Shrinkage  or  increase  i>er  cent,  of  materials, 311) 

Mechanical  j>owers,  levers,  pulleys,  wheels,  axles,  inclined  plans, 

screws,  with  examples, 310,-  L*  310// 

Virtual  velocity, 3  ;»..i 

Friction.     Coulomb  .vsn  Morrins'  experiments  coeflkicnt  of  the 

angle  of  repose, 311)// 

1  able — Friction  of  plane  surfaces  sometime  in  contact, 319*^ 

Table — Friction  of  bodies  in  motion,  31l'/> 

I'Victioii  of  axles  in  motion, 311V 

Table — Motive  power.     Work  done  by  man  and  horse  moving  hori- 
zontally  311)r 

Table — Motive  power.     Work  done  by  man  and  hoi-sc  xeriically,  ...  319^ 
Motive  |iowcr.     Actions  on  machines, 311) 

ROAl>S   AND   STRKKTS. 

Roman  roads,   Appian  way,   Roman   military  roads,  Carthaginian, 

Greek,and  French  roads, 31!)/* 

German,  Belgium,  Sweden,  ICnglish,  Irish,  and  Scotch  roads, 3I9/# 

IHesentment  for  making  and  re])airing  roads, 319// 

Making  or  repairing  McAoamizki)  roads, 319?' 

shrinkage  allowance  for. 

I  low  the  railroad  was  built  over  the  Menomenee  marsh  near  Mil- 
waukee, Wisconsin,   31Uit 

Retaining  walls  for  roads.     Page  72jll, 319?^' 

I*arapet  walls,  drainage,  drain  holes,  materials,  sandstone,  limestone. 

Table — Wai.ker*s  experiments  on  the  durability  of  paving, 319z' 

Stones  in  Ix>ndon,  England,  in  A.D.   1830  and  1831.     ^venteen 

months 3191^ 

Table  of  compression  of  materials  in  road  making,  etc.   Page72jl3,  .3191^ 


14  GENERAL  INDEX. 

Sect 'on. 

Table.     Uniform  draught  on  roads.     Page72j]3, 319z' 

'I  able  and  formulas  of  friction  on  roads.     Page  7^14, '.'  .31!):' 

McNeil's  improved  dynamometer.     Page  71^14, 319<" 

Poncelet's  value  of  draught  to  overcome  friction, • SlDr* 

Table — Showing  the  lengths  of  horizontal  lines,  e<)ual  to  ascending 

and  descending  planes.     Pressure  of  a  load  on  an  inclined  plane. 

Page  72;jl3. 

Table— Morin's  experiments.     With  examples.     Page  72jl6. 

Tal)le  c — Laying  out  curves.  Radius  700  feet  to  10,560  feet  radius, 
by  chords  and  their  versed  sines  in  feet,  showing  how  to  use  them 
in  laying  out  curves  of  less  radius  than  700.     Page  71^17. 

CANALS  AND  EXCAVATIONS. 

Page  72k.     (See  Sec.  421), -. .  320 

To  set  out  a  section  of  a  canal  on  a  level  surface, 321 

To  set  out  a  section  when  the  surface  is  inclined,- 321<' 

To  find  the  embankment,  and  to  set  oflf  the  boundary  of, 32'  b 

Area  of  section  of  excavation  or  emlxinkment, ^ 3211 


V 


) 


When  the  slope  cuts  the  bottom  of  the  canal, 33:2 

Mean  height  of  a  given  section  whose  area  =  A,  base  =  B  V,  ratio  of 

slopes  =:  r 323 

When  the  slopes  are  the  same  on  lK)th  sides, 323 

When  the  slopes  are  unequal, 323 

How  the  mean  heights  are  erroneously  taken,     32G 

ICrroneous  or  common  method,  of  calculation, 326 

To  find  the  content  of  an  excavation  or  embankment.  Page  72'K,  . . .  327 
I'rism,  prismoid,  cylinder,  frustrum  of  a  cone,  pyramid  (rust rum  of 

a  pyramid,  prismoid,  334, 327 

Baker's  method  of  laying  out  curves,  and  calculating,  earth  works, 

do.  modified.     Page  72v, 339 

Tables  for  calculating  earthwork  deduced  from  Baker,  Kelly,  and 

Sir  John  McNeil's  tables.     Page  72y  to  72h*. 

TABLES. 

Comparative  values  of  circular  and  parabolic  sewers, 135 

Rectilineal  channels  and  slopes  of  materials, 167 

Sines  in  plane  trigonometry, HI** 

To  change  circumfcrentor  to  quarter  compass  bearings 218 

,Classification  of  land  by  Sir  Richard  Griffith, 309w 

Indigenous  plants, 300 

Classification  of  soils, 309>/ 

Scale  for  arable  land, 309f 

Table  of  produce 309/ 

Scale  of  prices  for  i)ai>turc, 309^ 

One  hundred  statute  acres  under  a  li\c  gears'  ruiutioiu     I'agc  7'Jii'JI. 

Superior  finishing  land, 309r 

Increase  in  valuation  for  its  vicinity  to  towns, 310 

Classification  of  buildings, 310c 

Modifying  circumstances 310e 

Valuation  of  water-power,  310w,  olOw 310/* 

Valuati«»n  of  horse-power, SlOo 

Flour  mills.     Page  72b40,  72b41,  72b42, 310/>,  3ia/ 

Form  of  field-book 310t 

Form  of  town-book, 3107cr 

Annual  valuation  of  houses  in  the  country,  .slate<l, 310z' 

Annual  valuation  of  houses  in  the  country,  thatched, 3lOw 

Ivasement,  stories,  offices  thatched, 310;,  310y 

Prices  of  houses..    Page  72b51. 

Geological  formahon  of  the  earth, 310b 

Composition  of  rocks, 310c 

Composition  of  grasses  and  trees, 31i  D 

Analysis  of  trees  and  weeds  or  plants, 310E 

Analysis  of  grains  and  straws,  vegetables  and  legumes, 310f 

Analysis  of  ashes  of  miscellaneous  articles, 310g 

Per  centage  value  of  manures  for  nitrogen  and  phosphoric  acid, 3I0i 
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Table  of  symbols,  and  equivalents, 310p 

Action  of  reagents  on  metallic  subAtances, 310q 

Analysis  of  various  soils, 310r 

Snpply  of  .towns  with  water, 310z 

Vaiue  of  the  Vgna  coniracta  from  various  wiit-crs  on  h}drai^lics, . . .  .310c* 
Angles  of  convergance.     Page  72b102. 

Coefficients  of  discharge  over  weirs, 310E* 

Coefficients  of  Blackweirs  experiments, 310e* 

Toncelet  and  Lebros'  experiments.     72b104 310f* 

"Value  of  discharge  Q  through  various  orifices,   310// 

Available  power  of  water, SIQ/ 

Retaining  walls,  by  Poncelet, 310zv2 

SpeciGc  gravities,    breaking  weight  and  traverse  strains  of  beams 

supported  at  both  ends,  and  losuled  in  the  middle, 3i0vl2 

Specinc  gravities  of  bodies, 319a 

Average  bulk  in  cubic  feet  per  ton  of  2240  pounds.     Pa^e  7-jl, 319a 

Shrinkage  or  increase  per  cent,  of  materials.     Page  72j] 319a 

Friction  of  plane  surfaces, 319^ 

Friction  of  bodies  in  motion,  one  iq>on  another, 319/ 

Work  done  by  man  and  horse  moving  horizontally, 319r 

Work  done  by  man  moving  vertically, 319j 

Action  on  machines, 319t 

Walker's  experiments  on  paving  stuucs  in  a  street  in  1  .omltm, 310 v 

Compression  pounds  avoirdupois  required  to  crush  a  cube  of  one  and 

one-half  inches.     Page  72jU3. 
Table  of  ttBiform  draught  on  given  inclinations.     Page  72jl3. 
Lengths  of  horisfontal  lines  e(^ual  to  ascending  planes.     Page  72jl5. 
florin's  experiments  with  vehicles  on  roads.     Page  72jl6. 
Table  c — For  laying  out  curves,  ehord  A  B  =  200  feet,  or  links  or  any 
multiple  of  either  giving  radius  of  the  curve.     Half  the  angle  of 
deflection  the  versed  sine  at  one-half,  the  chord,  or  the  versed  sine 
of  the  angle,  also  versed  sine  of  one -half,  one-fourth,  and  one- 
eighth  the  angle.     Page  72jl7. 
Table  a — Calculating  earthwork  prismoids.     Page  72j. 
Table  ^ — Calculating  earthwork  prismoids;.     Page  72a*. 
Table  c — Calculating  earthwork  prismoids.     Page  72e*. 
SuHdiaL     Table  for  latitudes  41%  49%  5*%  36'  Vl\  30'.  Page  2ii»27,  .390* 

Levelling  books,  English  and  Irish  Board  of  Works,  methwl, 414 

M.  McDermott's  method, 415 

levelling  by  barometrical  observation.     Table  A, 416 

Levelling  by  barometrical  observation.     Table  1), 417 

Table  A  and  table  B, 419 

Natural  sines  to  every  minute,  five  places  of  decimals  fruni  1**  to  OO**. 

Page  72i*  to  72r*. 
Natural  cosines  as  alK>ve.     A  guide  line  is  at  every  five  minutes. 
Natural  tangents  and  cotangents,  same  as  for  the  sines.  72s*  to  72b**. 
The  sines  are  separate  from  the  cosine  and  tangents  to  avoid  errors. 
Both  tables  occupy  twenty  pages  nicely  arranged  for  use. 
Traverse  table,  %  McDermott,  entirely  original,  calculated  to  the 
nearest  four  places  of  decimals,  and  to  every  minute  of  degree  in 
the  left  hand  column  numbered  from  1  at  the  top  to  60  at  the  bot- 
tom, at  the  top  are  1  to  9  to  answer  for  say  9  chains  90  chains, 
90  links  or  9  links.     The  latitudes  on  the  le|t  hand  page,  and  de- 
partures on  the  right  hand  page  for  45  degr<:es,  then  &  to  90  are 
found  at  the  bottom,  contains  S8  pa^cs. 

Solids,  expansion  of, 165 

To  reduce  links  to  feet, 160 

To  reduce  feet  to  links, 168 

Ivcngths  of  circular  arcs  to  radius  one, 170 

Lengths  of  circular  arcs  obtained  by  having  the  chord  and  versed  sine,  171 

Areas  of  segments  of  circles  whose  diameter  is  unity, 173 

To  reduce  square  feet  to  acres  and  vice  versd, 175 

Table  VI 11^.     Properties  of  polygons  whose  sides  are  unity, 176 

Table  IX.     Properties  of  the  five  regular  bodies, 176 
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Table  X.     To  reiluce  square  links  to  acres, ^ 173 

Table  XI.  To  reduce  hypothenuse  to  base,  or  horizontal  measure- 
ment,      177 

Table  XII.     To  reduce  sidereal  time  to  mean  solar  time, 178 

Table  XI 11.    .To  reduce  mean  soiar  time  to  sidereal  time, 17S 

Table  XIW     'Jo  reduce  sidereal  time  to  degrees  of  longitude, 17t> 

Table  XV.     To  reduce  longitude  to  sidereal  time, 17i> 

Table  XVI.     Dij)  or  depresMon  of  the  hori/on,  and  ihc  (ii>tance  at 

sea  in  miles  corresponding  to  given  heights, 170 

Table  XVli.     Correction  or  tlie  apparent  altitude  for  refraciion, 180 

Table  XVI 1 1.     Sun's  paralla\  in  altitude, 181 

Table  X 1 X.     Parallax  in  altitude  of  tlie  planets 181 

Table  XX.     Reduction  of  the  time  of  the  moon's  passage  over  the 

meridian  of  CJrccnwich  to  that  over  any  other  meridian, 181 

Tal)le  XXI.     l>e^t  time  for  obtaining  apparent  time 182 

Table  XXII.     Rest  altitude  for  obtammg  true  time, i S'J 

Table  XXlil.  Polar  tables  azimuths  or  bearings  of  stars  in  the 
Northern  and  Soutiiern  hemispheres  when  at  their  greatest  elonga- 
tions from  the  meridian  for  every  one-hair  a  degree  of  latitude,  and 
from  one  degree  to  latitude  70*",  and  for  polar  distances  O',  40',  0  4r>, 

0  50',  0  fiiV,  10,  rs,  no;  v\o\  1*20',  V25\  rao',  3*20'.  3"23', 

7'45,  7TiO'.  7-ar/,  8'0',  11*30',  ir35'.  ir40',  ir45',  IToO',  1^55', 

12*0*,   12.5,   12^40'.    12.45,    12''50',  12.55.   13-0-13-5 16'20', 

15''25',  15-:W,  15  3.V,  LV40'.  15°45',  15V.0', 184 

[These  will  enable  the  Surveyor,  at  nearly  any  hour  of  the  n  ght,  to 
run  a  meridian  line  in  any  place  until  A.  U.  2000.] 

Azimuth  of  Kochab  (Beta  Ursaminoris),  when  at  its  greatest* elonga- 
tions or  a/.imuths  for  1875  and  eveiy  ten  years  to  1995, 193 

Table  XXIV.  Azimuths  of  Polaris  when  on  the  same  vertical  plane 
with  gamma  in  Cassiopciv  at  its  under  transit  in  latituiles  2*  to  70* 
from  1870  until  HWO, 1D4 

Table  XXV.  Azimuths  of  Polaris  when  vertical  with  Alioth  in  Ursa 
majoris;at  its  under  transit,  same  as  for  table  XXIV, 195 

Table  XXVI.  Mean  places  of  gamma  (cassiopx),  and  epsilon 
(alioth),  in  ursa  majoris  at  Greenwich  from  A.  D.  1870  until  1950,   196 

Table  XXVII.  Azimuth,  or  l^arings  of  alpha,  in  the  foot  of  the 
Southei-n  cross  (Crucis),  when  on  the  .same  vertical  plane  with  /frta 
in  Ilydri,  or  in  the  tail  of  the  .seqHnt  from  A.  I).  1850  until  2150, 
and  for  latitude  12"  to  0  .', 197 

Table  XXVIII.  Altitudes  and  greatest  azimuths  for  January  1,  1867. 
Kor  Chicago  latitude  4r.  50',  30"  N.,  longitude  87*,  34',  7"  W., 
and  Buenos  Ayrcs  34',  38',  40^  S.,  longitude  58%  24',  3"  \V..  for 
thirteen  circum|x>Iar  stars  in  the  Northern  hemisphere,  and  ten 
cirairapolar  stars  in  the  Southern  hemisphere,  giving  the  magni- 
tude, {x>lar  distance,  right  a>cension,  upper  meridian  passage,  time 
to  greate.Nt  azimuth,  time  ol  greatest  K  azimuth,  time  of  greatest  W 
azimuth,  greatest  azimuth,  altitude  at  its  greatest  azimuth  of  each,   19S 

Table  XXVIII.  A.     Table  of  equal  altitudes, 199 

Table  XXVTII.  IJ.     To  change  metres  into  statute  miles 200 

Table  XXVIII.  C.  Length  of  a  degree  of  latitude  and  longitude 
in  miles  and  metres, 200 

Table  XXI. \.  Reduce  l*'rciKli  liires  into  cubic  feet  and  imperial 
gallons, 201 

Table  XXX.     Weights  and  measures. 

Table  XXXI.  Discharge  of  water  through  new  j)ijies  compiled 
from  D'Arcy's  official  French  tables  for  0.01  to  1.00  metres  in 
diameter,  and  ten  centimetres  high  in  100  metres  to  200  centi- 
mt' lies  in  100  metres  high, 201 

D'Arcy's  formula  and  e\am})lc, 264 
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STRAIGHT -LINED  AND  CURVILINEAL  FIGURES. 

OF  THE   SQUABS. 

1.  Let  A  B  G  D  (Fig.  1)  be  a  square.  Let  A  B  =  a,  and  A  D  =  d, 
or  diagonal. 

2.  Then  a  X  *i  =  *^  ^^  ^^^  *^r®*  o^  *^®  square. 

8.     And  i/iTP  =  a  i/iT^  a  X  1,4142136  =  diagonal. 

4.  Radioa  of  the  inscribed  circle  =  0  E  =~^- 

5.  Radios  of  the  circumscribing  circle  =  0  D  .=: — — — ~-^  -"-  ' — =. 
a  X  0,707168. 

6.  Perimeter  of  the  square  =  AB  +  BD-fDC  +  CA  =  4a. 

7.  Side  of  the  inscribed  octagon  F  G  =a  v^'T—  a  —  aXl,4142136— a 
=  a  X  0,414214,  t.  «.,  the  side  of  the  inscribed  octagon  is  equal  to  the 
difference  between  the  diagonal  A  D  and  the  side  A  B  of  a  square. 

8.  Area  of  the  inscribed  circle  =  a*  X  0,7854. 

9.  Area  of  the  circumscribed  circle  0,7854  X  2  a-. 

10.     Area  of  a  square  circumscribing  a  circle  is  double  the  square  in- 
Bcribed  in  that  circle. 

EUOHBUS. 

11.  (Fig.  8.)  In  a  rhombus  the  four  sides  are  equal  to  one  another, 
bat  the  angles  not  right-angled. 

12.  The  area  =  the  product  of  the  side  X  perpendicular  breadth  = 
A  B  X  C  K. 

13.  Or,  area  =  a^  X  natural  sine  of  the  acute  angle  CAB;  i.  e., 
A  B  X  A  C  X  i^^  Bine  of  the  angle  C  A  B  =  the  area. 

OF   THS    RECTAKOLB   OR  PABALLELOtiBAM. 

14.  (Fig.  2.)    Let  A.  B  ^  a,  B  D  =  b,  and  A  D  ^  d. 

16.    AD  =  d=  i/a-  -i-  b-. 

16.  -;  -  =  radius  of  the  circumscribing  circle. 

17.  Area  =  a  b  or  the  length  X  ^y  t^*®  breadth. 

18.  When  a  =  2  b)  the  rectangle  is  the  greatest  in  a  semi-circle. 

10.    When  a  =r  2  b,  the  perimeter,  AC-fCD-j-DB  contains  the 
greatest  area. 

a 
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20.  Hydraulic  mean  d^th  of  a  reotangular  irater-coarae  is  found  bj 
diyiding  the  area  by  the  vetted  perimeter ;  t.  e.,  =  area  divided  by  the 
sum  of  2  A  C  -I-  C  B. 

21.  When  the  breadth  is  to  the  depth  as  1  :  V%  t.  e.,  as  1  :  1,4152, 
the  rectangular  beam  will  be  the  strongest  in  a  circular  tree. 

22.  When  the  breadth  is  to  the  depth  as  1  :  i/d7  i  e.,  as  1  :  1,782, 
the  beam  will  be  the  stiffest  that  can  be  cut  out  of  a  round  tree. 

28.  Rhomboid.  (Fig  4.)  In  a  rhomboid  the  four  sides  are  parallel. 
Area  =  longest  side  X  by  the  perpendicular  height  :=ABXCE  =  AB 
X  A  C  X  nftt-  8in«  <  C  A  B. 

24.  Trapezoid.  In  a  trapezoid  only  two  of  its  sides  are  parallel  to 
one  another.     Let  A  D  £  B  (fig.  4)  be  a  trapezoid. 

Area  =  }  (C  D  -f  A  B)  X  by  the  perpendicular  width  G  £. 

OF  THK  TBIAKOLI. 

25.  Let  A  B  C  (Fig.  5)  be  a  triangle. 

A  B 

26.  If  one  of  its  angles,  as  B,  is  right-angled,  the  area  =  — ,.-  X  ^  ^ 

=  ^XAB  =  i(ABXBC.) 

27.  Or,  area  =  i^  A  B  X  tangent  of  the  angle  BAG. 

28.  When  the  triangle  is  not  right-angled,  measure  any  side ;  A  G  as 
a  base,  and  take  the  perpendicular  to  the  opposite  angle,  B ;  then  the 
area  =  J  (A  0  X  E  B.) 

In  measuring  the  line  A  G,  note  the  distance  A*om  A  to  £  and  from 
£  to  G,  £  being  where  the  perpendicular  was  erected. 

A  O  V  A  T{ 

29.  Or,  area \^ X  ^^^t*  sine  of  the  angle  CAB. 

When  the  perpendicular  £  B  would  much  exceed  100  links,  and  that 
the  surveyor  has  not  an  instrument  by  which  he  could  take  the  perpen- 
dicular £  B,  or  angle  GAB,  his  best  plan  would  be  to  measure  the  three 
sides,  A  B  =  a,  B  G  ==  b,  and  A  C  -=  c.  Then  the  area  will  be  found  as 
follows : 

30.  Add  the  three  sides  together,  take  half  their  sum ;  from  that  half 
sum  take  each  side  separately ;  multiply  the  half  sum  by  the  three  dif- 
ferences.    The  square  root  of  the  last  product  will  be  the  area, 

oi       A-««       (  a-fb-fc      a-fb--o  a-f-b-i-c  a-fb4-c         )} 

32.     Let  s  equal  half  the  sum  of  the  three  sides  then 
Area ---.v/j  "•(•-»)•(''-'')  •(''-^)j 

38.    Or,  area  =  i  j  ^°9  »  +  '"^  ("-»>  +  '«8  ("-b)  +  log  (s-o)  j  .  ^^ 

to  the  logarithm  of  half  the  sum  add  the  logs  of  the  three  differences, 
divide  the  sum  by  2,  and  the  quotient  will  be  the  log  of  the  required 
area. 
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34.  Or,  to  the  log  of  A  C  add  the  log  of  A  B  and  the  log  sine  of  the 
eontained  angle  CAB.  The  nnmber  corresponding  to  the  sum  of  these 
three  logs  will  be  double  the  area,  t.  «., 

Log  a  -f  1<^S  <)  +  1<^S  Bine  angle  C  A  B  =  double  the  area. 

So.  Or,  by  adding  {he  arithmetical  compliment  of  2,  which  isT,  698970, 
ve  haye  a  Tery  concise  formula. 

Area  =  log  a  -f  log  o  -f  log  sine  angle  CAB-}-  T,698970. 

£zampU,     Let  A  B  =  a  =  18,74,  and  A  C  ~  c  =  1696  and  the  con- 
tained angle  C  A  B  =  29''  48^ 

Log  18,47  chains, 1,2664669 

Log  16,95  chains, 1,2291697 

Log  sine  29®  48' 9,6952288 

Constant  log, T,6989700 

11,8898364 
Reject  the  index  10, 10 

1,8898354 

The  natural  number  corresponding  to  this  log  will  be  the  required 
area  =  77,5953  square  chains,  which,  divided  by  10,  will  giye  the  area 
=  7,76953  acres. 

36a.     In  Fig.  5,  let  the  sides  A  C  and  B  0  be  inaccessible.     Measure 

ft    Riue  A  ^^  fiiTip  "R 

A  B  =  a;  take  the  angles  A  and  B,  then  the  area  = ^ ? 

2  sine  C 

which,  in  words,  is  as  follows : 

Multiply  together  the  square  of  the  side,  the  natural  sines  of  the 

angles  A  and  B ;  diTide  the  contained  product  by  twice  the  sine  of  the 

uigle  C.     The  quotient  will  be  the  required  area. 

Or  thus :  Add  together  twice  the  log  of  a,  the  log  sine  A,  and  the  log 
line  B ;  from  the  sum  subtract  log  2  4-  log  six^e  0.  The  difference  will  be 
the  log  of  the  area. 

Example.  Let  the  <  A  =  60°,  angle  B  =  60°,  and  by  Euclid  I.  32, 
the  <  at  C  =  70<» ;  and  let  A  B  =  a  =  20  chains  to  find  the  area  of  the 
triangle : 

Log  20, -        -    1,8010200 

2 

■  ■  ■        ■         m 

2,6020400 

Angle  A  ==  50°,  log  sine,      - 9,8842640 

Angle  B  =  60°,  log  sine, 9,9875200 

.      •  (A)  ==  22,4238146 

Constant  log  of  2  = 0,8010300 

Angle  C  =  70°,  log  sine, 9,9729868 

(B)  =  10,2740168 
2,1498288 

From  the  sum  A  subtract  the  sum  B,  the  difference,  having  rejected  10 
from  the  index  wiU  be  the  log  of  the  natural  number  corresponding  to 
the  area  141  ,.198  square  chains,  which  divided  by  10  gives  the  area  = 

l^fSSoMres. 
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Or  thus:     By  using  the  table  of  natural  sines.     Haying  used  Hutton^ 
logs,  we  will  also  use  his  nat.  sines. 

See  the  formula  (34)  a*  =  20  X  20,     -        -        -  400 

Nat.  sine  50«  =  nat.  sin.  <  A  ==    -        -        -        -        ,7660444 

Product, 806,4177600 

Let  us  take  this  =  -        -        -        -  806,418 

Nat.  sine  60®  =  nat.  sin.  <  B  =  -        -  ,86608 -|- 


Product, 265,367007334 

Nat.  sine  of  70<>  =  ,989693 

2 


Divisor,  =  1,879386  )Jfi5. 3^.7007334 

Quotient,  ==  141,198  square  (Chains,  which,  divided  bj 
10,  gives  liioMo  Acres,     q.  k.  f. 

Bob.  If  on  the  line  A  B  the  triangles  A  C  B,  A  D  B,  A  £  B,  etc.,  be 
described  such  that  the  di£ference  of  the  sides  A  C  and  C  B,  of  A  D  and 
D  B,  and  of  A  £  and  £  B  is  each  equal  to  a  given  quantity,  the  curve 
passing  through  the  points  0,  D  and  £  is  a  hyperbola. 

86.  If  the  sum  of  each  of  the  above  sides  AC-f-OB,  AD-f-DB, 
A  £  -f-  £  B  is  equal  to  a  given  quantity,  the  curve  is  an  ellipses. 

87.  In  the  A  -^  0  B,  (Fig.  5,)  if  the  base  C  E  is  }  of  the  line  A  C, 
the  A  C  S  I^  v^^l  ^G  i  of  the  A  A  C  B,  and  if  the  base  A  G  be  n  times 
the  base  C  £,  the  A  A  0  B  will  be  h  times  the  area  of  the  A  ^  ^  B. 

88.  From  the  point  P  in  the  A  ^  ^  ^i  (^^S*  ^^i)  ^^  ^^  required  to 
draw  a  line  P  £,  so  that  the  A  ^^  P  ^  ^^^^  ^®  i  ^^^.  ^^^^  ^^  ^^®  A  ^  ^  B* 

Divide  the  line  A  B  into  4  equal  parts,  let  A  D  =  one  of  these  parts, 
join  D  and  C  and  P  and  C,  draw  D  £  parallel  to  P  C,  then  the  A  A  £  P 
will  be  =  J  of  the  A  A  C  B ;  for  by  Buclid  I.  87,  we  find  that  the  A 
EOC  =  AODP.-.  theAAEP  =  ACD  =  JtheAACB,  q.k.f. 

89.  From  the  A  A  C  B»  required  to  cut  off  a  A  A  D  £  =  to  J  of  the 
A  A  C  B  by  a  line  D  E  parallel  to  B  C. 

By  Euclid  VI.  20.  A  A  D  E  :  A  ACB  : :  A  D^  :  A  B^  ;  thei^fore,  in 
this  ctise,  divide  A  B  into  two  such  parts,  so  that  A  D^  ==  J  the  square  of 
A  B.  Let  D  be  the  required  point,  from  which  draw  the  line  D  £  parallel 
to  B  C,  and  tho  work  is  done. 

40.  In  the  last  oase  we  have  AADE;  AACBirADaiAB*; 
t,  «.,  1  :  5  M  A  D^  :  A  B^.     Generally,  1  :  n  : :  A  D*^:  A  B^ ;  and  by 

•      .    AB 

Euclid  VL  16,  n  V  A  D«  =  A  B^  ;  therefore,  A  D  =  -  .—,  which  is  a 

vn 

general  formula. 

60 
EzampU.     Let  A  B  ==  60  and  n  =  5 ;  then  A  D  =  — —  =  26,7. 

2,^86 

41.  If  D  bo  a  point  in  the  A  A  C  B,  (Fig  18,)  through  which  the  line 
r  £  is  drawn  parallel  to  C  B,  make  C  £  =  £  F,  join  F  D,  and  produce  it 
to  meet  C  B  in  G,  then  the  line  F  D  G  will  cut  off  the  least  possible 
triangle.  * 

42.  By  Euclid  VL  2,  F  D  =  D  G,  because  F  E  =  E  C. 
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43.  To  bisect  the  A  A  C  B  (Fig.  16,)  by  the  shortest  line  P  D.  Let 
AC  =  b,  BC=a,CP  =  x,  andC  D=y,  /^,Cl?D  =  i  A  A.  C  B,  condi- 
tions which  will  be  fulfilled  when  x  =  C  P  =  aP^  and  y  =  C  D  =  -v/— 

Heoce  it  follows  that  G  P = C  D.     (See  Tate*s  Differential  Calculus,  p.  65.) 

44.  The  greatest  rectangle  that  can  be  inscribed  in  any  ^  A  G  B,  is 
that  whose  height  n  m,  is  =  }  the  height  n  G  of  the  given  triangle  (see 
Fig  14,)  A  B  G.  Hence  the  construction  is  evident;  Bisect  A  G  in  E. 
draw  K  L  parallel  to  A  B,  let  fall  the  perpendiculars  K  D  and  L  I,  and 
tod  the  figure  K  L  I  D  will  be  the  required  rectangle. 

45.  The  centre  of  the  circumscribing  circle  A  G  B,  (Fig.  7,)  is  found 
by  bisecUng  the  sides  A  B,  AG,  and  G  B,  and  erecting  perpendiculars 
from  the  points  of  bisection ;  the  point  of  their  bisection  will  be  the 
required  centre.     (See  Euclid  IV.  5.) 

46.  The  centre  of  the  inscribed  circle  (Fig.  6,)  is  found  by  bisecting 
the  angles  A,  B  and  C,  the  intersection  of  these  lines  will  be  the  required 
centre,  0,  from  which  let  fall  the  perpendicular  0  £  or  0  D,  each  equal 
to  the  perpendicular  0  F  =  to  the  required  radius. 

47.  Let  R  =  radius  of  circumscribing  circle  and  r  =  radius  of  the 
inscribed  circle,  and  the  sides  A  B  =  a,  B  C  =»  b,  and  A  G  s:  c  of  the 

ab  c 


-A  A  B  G ;  then  R  = 
and  r  =^ 


2  r  (a-f-b-fc) 
a  b  c 


2  R  (a4  b-f  c) 

48.  To  find  r,  the  radius  of  the  inscribed  circle  in  (Fig.  6,) 

Y  (*+^+<5)  =  "■«*  of  the  A  A  B  G  =  A, 

2  A  A 

.-.  r  = -=3 s=  area  divided  by  half  of  the  sum  of 

a-f-b-fc       }(*-{-^  +  c) 
the  sides  of  the  ^, 

J. a  be a  b  0  4  A  _^  . 

""  2  r  .  (a  -f-  b  +  c)  "■  (a-f-b+o)  "^  (a^lH^c)  *'    ' 

p ab  c  •  (a-j-b-f-c) abc. 

4  A  .(a-hb-fc)"~TA  *'  *' 

49.  Radius  of  the  circumscribing  circle  is  equal  to  the  product  of  the 
three  ades  divided  by  4  times  the  area  of  the  triangle,  and  substituting 
the  formula  in  |  81  for  the  area  of  the  triangle,  we  have 

„      abc  abc 

4  A        2  r  (a-f  b-j  c) 

abc 

R=  f )  J  where  s  is  }  the  sum  of  the  sides, 

4  \«  •  (s — a)  •  (s — b)  •  (s — c)  / 

but  (a-f  b-|-c)  ~  =  A ;  therefore, 

2A 


60.    r  = 


a-fb+c 
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51.  The  area  of  any  ^  C  K  L  (Fig.  14,)  will  be  subtended  by  the 
least  line  K  L,  when  C  K  =  C  L.     Let  x  =  C  K  =  G  L,  and  A  =  the 

2  A 
required  area,  then  x  = 

nat.  sine  <[  C 

52.  Of  all  the  triangles  on  the  same  base  and  in  the  same  segment  of 
a  circle,  the  isoceles  /\  contains  the  greatest  area. 

58.     The  greatest  isoceles  ^ina^  circle  will  be  also  equi-lateral  and 

will  hare  each  rade  =r  Vd  where  r  ==  radius  of  the  given  circle. 

54.  In  a  right-angled  ^^  when  the  hjpothenuse  is  given,  the  area 

will  be  a  maximum  when  the  ^  is  isoceles ;  that  is,  by  putting  h  for  the 

h  h 

hypothenuse  the  base  and  perpendicular  will  be  each  =  -jf  =  -  ^  414313 

55.  The  greatest  rectangle  in  an  isoceles  right-angled  /^  will  be  a 
square. 

56.  In  every  triangle  whose  base  and  perpendicular  are  equal  to  one 
another,  the  perimeter  will  be  a  maximum  when  the  triangle  is  isoceles. 

57.  Of  all  triangles  having  the  same  perimeter,  the  equi-lateral  ^ 
contains  the  greatest  area. 

58.  In  all  retaining  walls  (walU  built  to  iupport  any  preature  acting 
laieraUy)  whose  base  equals  its  perpendicular,  or  whose  hypothenuse 
makes  an  angle  of  45^  with  the  horizon,  will  be  the  strongest  possible. 

or  THB   CIBCLE. 

Let  log  of  8,1416  =  0,4971509,  of  0,7854  =  178950909,  and  of  0,07968 
="2,9008039, 

59.  Let  a  =  area,  d  =  diameter  and  c  :=  circumference,  n  &=  8,1416 
and  m  =  0,7864.  Const  log  3,1416  =  0,4971509.  d  X  8,1416  =  cir- 
cumference, or  log  d  -\-  log  0,4971509  =  log  circumference. 

60.  d«  X  0,7854  =  area  =  twice  log  d  -f  constant  log  of  0,7864  = 
(1,8950909),  and  c^  X  0,07959  =  area  =  -  X~  =  — » 

log  of  area  =  2  log  c  -f  constaii^log  2,9008089. 

61.  Example,  Let  d  =  46,  then  46  X  8,1416  =  144,5186  =  circum- 
ference ;  or,  by  logarithms, 

46,  log  =  1,6627578 
8,1416  constant  log  0,4971509 

2,1599087  =  144,5186 
8979  circumference. 


108 
90 
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62.     d  =  -^—  or  c  =  144,5186      Log  =  2,1599087 
8,1416  * 

3,1416  Log  0,4971509 

Difference,       1,6627678 
d«46 
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63.  Area=da  X  0,7864  =  ^  =  4-  •  d  =  4- *  c  =  c^  .  0,07958. 

4  4  4 

Log  area  =  twice  log  d  +  log  T, 8950909,  the  nat.  namber  of  which  will 
fire  the  required  area. 

/ 1,6627578 
Sample,     Let  d  =  45,  its  log  =  1 1,6627678 

Constant  log  of  0,7854,  T,8950909 

Area  =  1661,909  =  3,2206066 

64.  =  c»  X  0,07958  =  twice  log  o  -f  log  of  0,07958  =  log  area. 

Example,     Let  c  =  164. 

Log  c  =  2,1875207 


Log  c*  =  4,8750414 
Constant  log  of  0,07958  =  2,9008089 

Log  area  =  3,2768453 
Area  =  1887,3191 

65.  d  =  (-^^)*andc  =  ( — ^)* 

^0,7854'  ^0.07958' 

66.  ArMi  of  a  Circular  Ring  *=  (D»  —  d^)  X  0,7854.  Here  D  =  di- 
ameter of  greater  circamference,  and  d,  that  of  the  lesser  circnmference. 

67.  Area  of  a  Sector  of  a  Circle,     (See  Fig.  8.)     Arc  £  O  F  is  the  arc 

of  the  gxTen  sector  0  E  G  F,  area  =  —  •  arc  E  G  F  or  area  =  r  •  -^ — ; 

2  2 

but  arc  £  G  F  =  8  times  the  arc  E  G,  less  the  chord  £  F,  the  difference 

dinded  by  three  =  arc  E  G  F  (t.  «.,) 

k     vnv       8EG  — EP  -       ,  r^^8EG— EF 

Arc  E  G  F  = ,  .•.  area  of  sector  =  — X . 

8  2  3 

68.  t.  «.,  Area  =  —  (8  E  G  —  E  F).     EG,  the  chord  of  i  the  arc, 

6 

may  be  found  by  Euclid  I.  47.  For  we  have  0  E  =  to  the  hypothenuse, 
given,  also  } the  chord  E  F  =  E  H, .-.  |/(0  E^  —  E  H^)  =0  H,  and  OE  — 
0  H  =  H  G,  then  /(E  H^  +  H  G»)  =  E  G. 

69.  Area  ==  degrees  of  the  <  E  0  F  X  diameter  X  ^y  the  constant 
number,  or  factor  0,008727,  i.  «.,  area  =  d  a  X  0,008727  where  a  <  = 
£  0  F  in  degrees  and  decimals  of  a  degree. 

70.  Segment  of  a  Ring,  K  K  M  F  G  E,  the  area  of  this  segment  may 
be  found  by  adding  the  arcs  N  K  M  and  E  G  F  of  the  sector  0  N  K  M 
and  multiplying  i  their  sum  by  E  N,  the  height  of  the  segment  of  the 

arc  N  K  M  +  arc  E  G  F  ^^  _  _ 
nng,  t.  «.,  area  = ^ X  Q  K. 

71.  Segment  of  a  Circle.  Let  E  G  F  be  the  given  segment  whose  area 
ifl  required.  By  {  67  find  the  area  of  the  sector  0  E  F,  from  which  take 
the  area  of  the  ^  0  £  F,  the  difference  will  be  the  required  area. 
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3 

72.    Or,  area  = — 1 — ;  t.  «.,  to  |  of  the  product  of 

3  2  £  F 

the  chord  by  the  height,  add  the  cube  of  the  height  diylded  bj  twice  the 

chord  of  the  segment,  the  sum  irill  be  the  required  area. 

78.  Or,  diyide  the  height  O  H  by  the  diameter  0  L  of  the  circle  to 
three  places  of  decimals.  Find  the  quotient  in  the  column  Tabular 
Heights  of  Table  VII.,  take  out  the  corresponding  area  segment;  which, 
when  multiplied  by  the  square  of  the  diameter,  will  gire  the  required 
area. 

74.  When  G  H,  dirided  by  the  diameter  G  L,  is  greater  than  ,5,  take 
the  quotient  from  0,7854,  and  multiply  the  difference  by  the  square  of 
the  diameter  as  above,  when  G  H  divided  by  G  L  does  not  terminate  in 
three  places  of  decimals,  take  out  the  quotient  to  fiye  places  of  decimals, 
take  out  the  areas  less  and  greater  than  the  required,  multiply  their  dif- 
ference by  the  last  two  decimals  of  the  quotient,  reject  two  places  of 
decimals,  add  the  remainder  of  the  product  to  the  lesser  area,  the  sum 
will  be  the  required  tabular  area. 

Example,     Let  G  H  =  4,  and  \  the  chord  =£H  =  9  =  }EF.     By 

Q1 

Euclid  III.  86,  H  G  X  H  L  =  E  H-  H  F  =E  IP  =  81 ;  .-.  —  =  20,25 

4 

a=  H  L ;  consequently,  by  addition,  20,25  -|-  4  ==24,25  =G  L =diameter. 

And  4  dlTided  by  24,25  =  0,16494  =  tabular  number. 

Area  corresponding  to  0,164  =  ,084059 

•*  *♦  "  0,165  =  ,084801 

,000742 
94 


,000697,48 

Lesser  area  for  ,164      ,084059 
Correction  to  be  added  for  00094  =       697 


Corrected  tabular  area,      ,084756 ;    which,  multiplied  by  the 
square  of  the  diameters  will  giye  the  required  area. 

OF  A  OI&CnLAR  ZOUX. 

75.  Let  E  F  V  S  (Fig.  8,)  be  a  circular  zone,  in  which  E  F  is  parallel 
to  S  y,  and  the  perpendicular  distance  E  t  is  giyen ;  consequently  £  S  = 
tv  may  be  found  by  Euclid  L  47,  s  t  =  J  (rfy  —  EF)  =  d,  andSv  — d 

=  t  y,  and  by  Euclid  III.  85,  *^^^^  =  t  W,  .-.  E  t  -I   t  U  =  E  U  is 

E  t 

given. 

And  by  Euclid  I.  47,  the  diameter  U  F  is  ==  ,/(£  U»  -f  E  F«) 

And  by  Euclid  III.  3,  by  bisecting  the  line,  0  Z  is  at  right  angles  to 
F  V ;  and  by  Euclid  III.  81,  the  <  U  V  F  is  a  right  angle ;  and  by  Euclid 
VL2and4,  UV=2ox. 

And  E  t :  E  S  ::  V  t :  V  U,  by  substitution  we  have 
Et:ES::yt:2ox. 

By  EucUd  VI.  IG,  o  x  =  i  (E  S  X  ▼  t)  ^  E  t  =  ^^-XJJ 

J  \        /N       /  2  E  t 
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Kow  haiTing  o  x  and  07  =  radios,  we  can  find  tlie  height  of  the  seg- 
ment X  7 ;  .'.  haTing  the  height  of  the  segment  x  y,  and  diameter  W  F  of  ^ 
the  segment  F  T  Y,  we  eanlbid  its  area  as  follows: 

The  area  of  the  trapezium  EFyS=:i(EF  +  YS)XSt,  to  which 
add  twice  the  segment  F  T  Y,  the  sum  wiU  be  the  required  area  of  tiie 
tone  B  F  Y  8. 

Infig.  8,letEF=a,SY  =  b,  Bt  =  p,St=:d  =  }(S  t— B  F), 

andTT  =  e,BW  =  p  +  —  =  PL±_5i,  and  by  EncUd  L  47- 

P  P 

WF=?f«:~t^/4-a*iV*., 


=j,ii±-,V.'jV 


p 

(p*  +  2p»ed  +  e^da+p«a^) 
WP  =  |/ 

B  8  =  (p«  +  d«)* 

BecaaseBtt  BS^:  Yt:  YW 
Bt:BS::Yt:2ox 

ES-Yt 
2Et 

And  by  sabstitating  the  values  of  B  S,  Y  t  and  2  B  t,  we  have 

2p 

WF 
xy  =  -^ ox. 

WF=2xy  +  20X.  * 

Ezamg^  Let  B  F  =  a  =  20,  and  s  t  =b  =  80,  B  t  =  p  =:£  26,  St 
=  d,  aadtT  =  e,  to  find  the  diameter  W  F  and  height  x  y.  Hered  =  6 
and  t  V  as=  e  =s  25. 

E  S  =  V'CSO  =  26,494. 

^^      26  t/626  4-  26      26^^556      26X26,496   . 
"^= 60^^  =  -60-=  60        '''^' 

o  X  =  12,747, 

^P_J.  ' ^908j05 

p  1^890626  +  166260  +  16626  +  890626         26 

tiMrefore  W  F  »  86,12  »  required  diameter. 

W  F  =  86,07  =  diameter ;  and  having  the  diameter  W  F  and  height  x  y, 
the  area  of  the  segment,  subtended  by  the  chords  F  t  and  B  S,  can  be 
found  by  Table  YII.,  and  the  trapesium  E  F  t  t  by  section  24. 


or  A  dBOOLAB  Lun. 

76.    Let  A  0  B  D,  fig.  10,  represent  a  lune.    Find  the  difference  be- 
tween the  segment  A  0  B  and  A  ]>  B,  which  will  be  the  required  area. 

h 
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77.  HydrauUo  mean  depth  of  •  segment  of «  oirole  is  found  by  divid- 
the  area  of  the  segment  by  the  length  of  the  arc  of  that  segment.  Of  all 
segments  of  a  circle,  the  semi-circular  sewer  or  drain,  vhen  filled,  has  the 
greatest  hydraulic  mean  depth. 

78.  The  greatest  isoceles  ^  that  can  circumscribe  a  circle  will  be  that 
whose  height  or  perpendicular  C  F  is  equal  to  8  times  the  radius  O  £. 

79.  Areas  of  drcli^  are  to  one  another  as  the  squares  of  their  diame- 
ters; t.  e.,  in  fig.  8,  circle  A  K  B  I  is  to  the  area  of  the  circle  C  G  V  L  as 
the  square  of  A  B  is  to  the  square  of  C  D. 

80.  In  any  circle  (fig.  9),  if  two  lines  intersect  one  another,  the  rec- 
tangle contained  by  the  segments  of  one  is  =  to  the  rectangle  contained 
by  the  segments  of  the  other ;  i.  «.,  0  M  X  M  G  =  F  M  X  ^  H, 
orOAXAC  =  FAXAH. 

81.  In  fig.  8,  a  T  X  ^  T  =  I  T  X  K  T  =  square  of  the  tangent  T  M. 

82.  In  a  circle  (fig  9),  the  angle  at  the  centre  is  double  the  angle  at 
the  circumference ;  ie.,  <GAB  =  2<C0B.    Euclid  III.  20. 

8S.  By  Euclid  III.  21,  equal  angles  stand  upon  equal  circumferences ; 
t.  s.,  <  C  0  B  =  <  C  L  B. 

84.  By  Euclid  III.  26,  the<BCL  =  <BLC  =  <COB. 

85.  By  Euclid  III.  82,  the  angle  contained  by  a  tangent  to  a  circle, 
and  a  chprd  drawn  from  the  point  of  contact,  is  equal  to  the  angle  in  the 
alternate  segment  of  the  circle;  c.  e.,  in  fig.  9,  the  <  T  B  C  =  <  B  0  G 
=  }  •<  G  A  B.    This  theorem  is  much  used  in  railway  engineering. 

86.  The  angle  T  B  G  is  termed  by  railroad  engineers  the  tangential 
angle,  or  angle  of  half  deflection. 

87.  To  draw  a  Unffent  to  a  circle  from  the  point  T  without  the  circle. 
(See  fig.  9.)  Join  the  centre  A  and  the  point  T,  on  the  line  A  T  describe 
a  semi-circle,  where  A  cuts  the  circle,  in  B.  Join  T  and  B,  the  line  T  B 
will  be  the  required  tangent  or  the  square  root  of  any  line  Q  T  H  =  T  B ; 
t.  «.,  |/  (Q  T  H)  ==  T  M. 

Then  from  the  point  T  with  the  distance  T  B,  describe  a  circle,  cutting 
the  circle  in  the  point  B,  the  line  T  B  is  the  required  tangent 

In  Seotion  81,  we  haye  T  a  •  T  B  =  T  M«,  .-.  |/(T  a  •  T  B)  =  T  M, 
and  a  circle  describe  with  T  as  centre  and  T  M  as  radius  will  determine 
t^ie  point  M. 

or  THS  BLUPSB. 

88.  An  ellipse  is  the  section  of  a  cone,  made  by  a  plane  cutting  the 
cone  obliquely  from  one  side  to  the  other. 

Let  fig.  89  represent  an  ellipse,  where  A  B  =  the  transverse  axis,  and 
D  £<•=  the  conjugate  axis.    F  and  O  the  foci,  and  G  the  centre. 

CotutrueUon. — ^An  ellipse  may  be  described  as  follows:  Bisect  the 
transverse  axis  in  G,  erect  the  perpendicular  G  D  equal  to  the  semi-con- 
jugate, from  the  point  D,  as  centre  with  A  G  as  distance  describe  arcs 
cutting  the  transverse  axis  in  the  foci  F  and  0.  Take  a  fine  cord,  so  that 
when  knotted  and  doubled,  wiU  be  equal  to  the  distance  A  G  or  F  B.    At 
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the  points  or  foci  F  and  G  pat  small  nails  or  pins,  over  which  pat  the 
line,  and  with  a  fine-pointed  pencil  describe  the  corre  by  keeping  the 
line  tight  on  the  nails  and  pencil  at  eyery  point  in  the  corye. 

89.  OrdiRoteB  are  lines  at  right  angles  to  the  axis,  as  0 1  is  an  ordinate 
to  the  transTcrse  axis  A  B. 

90l  DoubU  ardinatea  are  those  which  meet  the  carre  on  both  sides  of 
the  axis,  as  H  V  is  a  doable  ordinate  to  the  transTerse  axis. 

91.  Ahsdeaa  is  that  part  of  the  axis  between  the  ordinate  and  Tertex, 
ss  A  0  and  O  B  are  the  abscissas  to  thd  ordinate  01;  and  A  6  and  O  B 
sre  abscissas  to  the  ordinate  G  H. 

92.  Parameter  or  Latua  rectum  is  that  ordinate  passing  throngh  the 
focns,  and  meeting  the  corre  at  both  sides,  as  H.  .V. 

93.  Diameter  is  any  line  passing  through  the  centre  and  tenninated 
by  the  corre,  as  Q  X  or  B  I. 

94.  Ordmaie  to  a  diameter  is  a  line  parallel  to  the  tangent  at  the  yertez 
of  that  diameter,  as  Z  T  is  the  ordinate  being  parallel  to  the  tangent  X  Y 
drawn  to  the  yertex  X  of  the  diameter  X  Q. 

95.  Conjugate  to  a  diameter  is  that  line  drawn  through  the  centre,  ter- 
minated by  the  carye,  and  parallel  to  the  tangent  at  the  vertex  of  that 
diameter,  as  G  b  is  the  semi-conjugate  to  the  diameter  Q  X. 

96.  Tangent  to  any  point  H^  in  the  curve,  join  H  F  and  G  H,  bisect  the 
tngle  L  H  G  by  the  line  H  K,  then  H  K  will  be  the  required  tangent. 

97.  Tangent  Jrom  a  point  without ,  let  P  be  the  giyen  point,  (see  fig.  40) 
jois  P  F;  on  P  F  and  A  B  describe  circles  cutting  one  another  in  X,  join 
P  X  and  produce  it  to  meet  the  ellipse  in  T,  then  P  T  will  be  the  required 
tangent,  and  H  £^  =  tangent  to  the  point  h. 

98.  FkoI  tangents,  are  the  tangents  drawn  through  the  points  where 
the  UOuB  rectum  meets  the  curye,  K  H  is  the  focal  tangent  to  the  point  H. 

99.  Normal  is  that  line  drawn  from  the  point  of  contact  of  the  tangent 
inth  the  curre,  and  at  right  angles  to  the  tangent,  H  N  is  normal  to  K  H. 

190.  Subnormal  is  the  intercepted  distance  between  the  point  where 
the  normal  meets  the  axis,  and  that  point  where  an  ordinate  from  the 
point  of  tangents  contact  with  the  cuive  meets  the  axis,  as  N  0^  is  the 
subnormal  to  the  point  H. 

101.  JBeeentrieiig  is  the  distance  from  the  focus  to  the  centre,  as  C  G. 

102.  AH  diameters  bisect  one  another  in  the  centre  C;  that  is,  0  X  =s 
C  Q  and  C  I  r=  C  B. 

103.  To  find  the  centre  of  an  tHUpse,  Draw  any  two  cords  parallel  to 
one  another,  bisect  them,  join  the  points  of  bisection  and  produce  the 
line  both  ways  to  the  curye,  bisect  this  last  line  drawn,  and  the  point  of 
bisection  will  be  the  centre  of  the  ellipse. 

104.  AB  =  FD-f  GB=FI-|-GI  =  FH-f-GH,eto.;  thatis,the 
sum  of  any  two  lines  drawn  from  the  foci  to  any  point  in  the  curye,  is 
equal  to  the  txmnsyerse  axis. 
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106.  The  sqvare  of  half  the  transverse,  is  to  the  square  of  half  the 
oonjngate,  as  the  rectangle  of  any  two  absdssas  is  to  the  square  of  the 
ordinate  to  these  abscissas ;  t.  e., 

A  C«  :  C  D*  ::  A  0  •  0  B  ;  0  I«;  therefore, 

^._    ^,AO*OB«CD«,      CD       .,.  n    nm 
^^==^^ ACi )  =  j;;^^V(^O^OB) 

GH'=|/(AG*  GB).n. 

106.  Beetanglee  of  the  ahseissas  are  to  one  another  as  the  squares  of 
their  ordinates  ;•.«., 

A  0  •  0  B  :  A  G  •  G  B  ::  0  P  :  G  H^' 

107.  The  square  of  any  diameter  is  to  the  square  of  its  conjugate,  as 
the  rectangle  of  the  abscissas  to  that^  diameter,  is  to  the  square  of  the 
ordinate  to  these  abscissas ;  t.  «., 

Q  X«  :  H^  b*  ::  Q  T  .  T  X  :  T  Z*;  i  «., 
CX«:Cb«::QT.  TX:TZa. 

108.  To  find  where  the  tangent  to  the  point  H  will  meet  the  transrerse 
axis  produced : 

G  (y :  A  G  ::  A  C  :  C  K^     Substituting  z  for  C  0^",  and  a  for  A  0 

X  :  a  ::  a :  0  K^;  .*.  C  K^as  — ;  therefore, 

z 

OK^=r^*"^*^'^*""'^=r^'^'':   Now,  by  having  the  ortoate  01 

z  z 

:s  y,  we  have 

109.  gViiyw<HK^  =  >/^'''y*  +  *'~"^*^^'"^'*^,  herez  =  CO. 

,  y  =  J^  •  (a»  -^  z*)|* here  y  =  any  ordinate  0  H. 

Having  the  semi-transverse  axis  =  a,  the  semi-coEgugate  =  b 
0  =  0  H  =  any  ordinate,  z  =  G  0  =  co-ordinate  of  y.     Let 

A  O  ss  8  ^  greater  abscissa,  and  0  B  =s  s  a=  lesser  abscissa.  We  will 
from  the  above  deduce  formulas  for  finding  either  a,  b,  8,  s,  0  or  z. 


or, 


111 


.    OH  =  or=(?I^V  =  ordinate  =  ^T/g^, 

^      a*      '  a 


112. 


b.S 


A  C  »  a  » 1^  {b  +  |/(b>  ^  o^)}  «  senu-traaBveme. 
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113.  C  D  =  1)  =  !/(--—-)  =  a  •  0  -v- —  =  semi-conjugate. 

a  i 

114.  A0==8  =  a  +  ^  (b*— o^)"  =  greater  abscesBa. 

b 

116.  Area  of  an  «%«=A  BXD  EX»7854=4  a  b  •  7854  =  8,1416 
X»b. 

116.  Area  of  an  eU^Hcal  segment — Let>h  =  height  of  tbe  segment. 
BiTide  the  height  h,  by  th^  diameter  of  vhioh  it  is  a  part ;  find  the  tabular 
area  corresponding  to  the  quotient  taken  from  tab.  VII ;  this  area  multi- 
plied by  the  two  axes  will  give  the  required  area,  t.  e., 

TM>.  azea  - —  *  4  a  b,  when  the  base  is  parallel  to  the  eoiijugate  axis ; 

or,  tabw  area  =  —  •  4  a  b,  when  ^he  base  is  parallel  to  the  transrerse 

2b  . 

axis. 

117.  Ctreamferemee  of  an  eUipse  =  y'(ii^i±l^) .  3-1416 ;  ».  «., 

Gixeomference  =  |/(2  a^  +  2  b^)  •  3*1416. 

118.  AppUeaiion, — Let  the  transverse  ==  86,  and  conjugate  =  26. 
Area  =  85  X  26  X  »7864  =  875  X  ,7854  =  687,226. 

areiimfer«noe  =  i/(^-^^)  •  ^'^^^^  =  2209  X  8'1416  =  69,8979. 

let  A  0^  28  =3=greater  abscissa,  then  7  =r  the  lesser  abscissa,  to  find  the 
ordinate  OH. 

OH  =  (38  X  T  X  i»')i  =  ^^  =  10. 

25  . 

or,  0  H  =|g  y^28 X  7  =«  10.    (See  section  11 1.) 

Abscissa  A  0  =  17,6  +  ^  i/625  — 100  =  17,6  +  1,4  X  7,6  =  28. 


or  TKS  FABABOLA. 


/ 


122.    A  parabola  is  the  section  of  a  cone  made  by  a  plane  cutting  it 
PUtUel  to  one  of  its  sides  (see  fig.  41). 

128.  J^  deeeribe  a  parabola, — Let  D  G  s»  ^rectrix  and  F  ss  focus ; 
^^*^  A  F  in  y ;  then  V :»  vertex ;  apply  one  side  of  a  square  to  the 
^^f^ctrix  C  D ;  attach  a  fine  line  or  cord  to  the  side  H  I ;  make  it  fast  to 
^*  cud  I  and  focua  F ;  slide  one  side  of  the  square  along  the  edge  of  a 
'^w  Uid  on  the  derectrix ;  keep  the  line  by  a  fine  pencil  or  blunt  needle 
^  to  thende  of  the  square^  and  trace  the  eurre  on  one  side  of  the  axis. 
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Oihenmte,  Aawime  in  the  axis  the  points  F  B  B'  W  W  W"  etc.,  at 
equftl  distances  frSm  F ;  from  these  points  erect  perpendicular  ordinatea 
to  the  axis,  as  F  Q,  B  P,  B'  0,  ^'^  N,  W^  M ;  from  the  focus  F,  with  the 
distances  A  F,  A  B,  A  6^,  A  W^  describe  arcs  cutting  the  above  ordinates 
in  the  points  Q,  P.  0,  N,  M,  etc,  which  points  will  be  in  the  curve  ^f  the 
required  parabola ;  by  marking  the  distances  F  B  =  B  B^  =  B^  B'^,  etc, 
each  distance  equal  about  two  inches,  the  curve  can  be  drawn  near 
enough ;  but  where  strict  accuracy  is  required,  that  method  given  in  see. 
122  is  the  best 

124.  Definiiumt,^C  D  is  the  directrix,  F  =  focus,  V  =  vertex,  A  B 
=  axis.  The  lines  at  right  angles  to  the  axis  are  called  ordinates.  The 
double  ordinate  Q  B  through  the  focus  is  equal  to  four  times  F  V,  and  is 
called /Nifam«^,  or  latus  rectum. 

Diameter  to  a  parabola  is  a  line  drawn  from  any  point  in  the  curve 
parallel  to  the  axis,  as  S  Y. 

Ordinate  to  a  diameter  is  the  line  terminated  by  the  curve  and  bisected 
by  the  diameter. 

Abteitea  is  the  distanee  firom  the  vertex  of  any  diameter  to  the  inter- 
section of  an  ordinate  to  that  diameter,  as  V  B  is  the  abscissa  to  the  or- 
dinate P.  B. 

124a.  Every  ordinate  to  the  axis  is  amean  proportional  between  its 
abscissa  and  the  latus  rectum ;  that  is  4  V  F  X  B""^  V  =  B^^  N^,  conse* 
quently  having  the  abscissa  and  ordinate  given,  we  find  the  latus  rectum 

B''  N* 
s=  4  V  F  s= ;  also  the  distance  of  the  focus  F  f^om  the  vertex 

B"N* 
4B''N 

126.  Squares  of  the  ordinatee  are  to  one  another  as  their  abscissas ; 
t.  e.,  B  pa  :  B'  0^  : :  V  B  :  V  B^ 

126.  FQ  =  2PV.-.  QB  =  4FV. 

127.  The  ordinate  BSa  =  yB*4VF;  hence,  the  equation  to  the 
curve  is  y^  «=:  p  X,  where  y  =  ordinate  ^  B  8,  and  x  &=  abscissa  V  B,  and 
p  =  parameter  or  latus  rectum. 

128.  To  draw  a  tangent  to  any  point  8  in  the  curve,  join  S  F;  draw 
T  8  L  parallel  to  the  axis  A  B ;  bisect  the  angle  F  8  L  by  the  line  X  8, 
which  will  be  the  required  tangent 

Otherwiee,  Draw  the  line  from  the  focus  to  the  derectrix,  as  F  L ;  bisect 
F  L  in  m;  draw  m  X  at  right  angles  to  F  L ;  then  m  X  8  will  be  the  tan- 
gent required,  because  8  L  =»  s  F. 

Otherwite,  Let  8  be  the  point  from  which  it  is  required  to  draw  a  tan- 
gent to  the  curve ;  draw  the  ordinate  8  B,  produce  B^^  V  to  G,  making 
V  G  a=  y  B ;  then  the  line  G  8  will  be  the  required  tangent 

129.  Area  of  a  parabola  is  found  by  multiplying  the  height  by  the  base, 
and  taking  two-thirds  of  the  prodnot  for  the  area;  i.  a,  the  area  of  the 
parabola  N  V  U  «  f  (B'^  V  •  N  W). 
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180.    7b  find  the  length  of  the  curve  N  Y  B  of  a  parabola : 

RmIs, — To  the  square  of  the  ordinate  N  B^^  add  four  thirds  of  the  square 
of  the  abscissa  V  B^^;  the  square  root  of  the  product  multiplied  by  2  will 
be  the  required  length.    Or,  hj  putting  a  =  abscissa  =  V  B^^,  and  d  =: 

oidinate  N  B'^;  length  of  the  curre  NV  U  =  /(l^-iJL^) .  2,  i,  e., 

8 

Lagth  of  the  enrre  N  V  U  r=»  y/'CS  d'  +  4  a')  X  h^^^- 

Rule  IT. — The  following  is  more  accurate  than  the  aboTe  rule,  but  is 
Bore  difficult. 

Let  q  ==  =:  to  the  quotient  obtained  by  dividing  the  double  ordi- 

nate by  the  parameter. 

•q«  q*  8q« 

length  of  the  eurre  =  2  d  •  (1  +  -^^ ^^^ — -  -A )  etc. 

^    ^2.8       2.4»6       2*4-6-7 

181.  By  sec.  67,  of  all  triangles  the  equilateral  contains  the  greatest 
area  enclosed  by  the  same  perimeter ;  therefore,  in  sewerage,  the  sewer 
haling  its  double  ordinate,  at  the  spring  of  the  arch,  equal  to  d ;  then  its 
depth  or  abscissa  will  be  ,866  d ;  i.  «.,  multiply  the  width  of  the  sewer  at 
the  spring  of  the  arch  by  the  decimal  ,866.  The  product  will  be  the  depth 
of  that  sewer,  approximately  for  parabolic  sewer. 

182.  The  great  object  in  sewerage  is  to  obtain  the  form  of  a  sewer, 
such  that  it  will  have  the  greatest  hydraulic  mean  depth  with  the  least 
possible  surface  in  contact. 


OV  TBI   PARABOLIC    8SWSB. 

188.  Oiyen  the  area  of  the  parabotie  Mwer,  N  V  U  as  a  to  find  its 
abscissa  V  B^^  and  ordinate  W^  N  such  that  the  hydraulic  mean  depth  of 
the  sewer  will  be  the  greatest  possible. 

Let  z  =  abseissa  =  Y  B^^ 

and  y  »  ordinate  N  W ;  thtti  N  U  »  2  y. 

By  section  129,  iZ3  =  a;  i. «.,  4  y  x  ==  8  a 

o 

y  =  -—  =  ,75~= 

4x  XX 

To  find  the  length  of  the  curre  NYU. 

o  1,6625  a«    ,   4x«  .      . 

^ 3 —  +~"2 — "^  perimeter. 

^  1 1 1,6876  a«  4-  4  xS  _  2t/1,6876  a»  H-  4  x^       n^nu^^ 
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l,155|/l.6876  a>  4-  4  X*  .      ^         v  u  j-  -^  ^  •  *    *i.      •-* 

e.,  -! i =s  perimeter,  which,  diTided  into  the  given 

1,782  X  e  f  f  a 


area,  (a}  irill  give 

ax 


l,166i/l,6876  4-  4  X* 


ss  hydraulic  mean  depth. 


i.  e., ,  =  mazimum. 

*  1,1661/1,6876  +  4  X* 

And  by  differentiating  this  expression,  we  hare 

l,166-8x'dz 
Differential  u  =  a  d  x  •  (1,166/1,6876  a«  +  4  x*  -  a  x  {-;j==^== 

1,166/1,6876  a»-h  4  X* 
rejecting  the  denominator  and  bringing  to  the  same  common  denominator. 

—  =»  a .  1,166  (1,6876  a«  +  4  x»)  —  a  x  (9,24  x«  =  0. 

I.  «.,  1,949  a»  +  4,62  a  X*  —  9,24  a  x*  =  0. 
1,949  aS  »  4,62  a  x* 
x«  =  ,4218  a* 
x^  » ,6494  a 
x  =  ,806i/a  ss  i/,649  a  =  required  abscissa. 

8  a      0,76  a  •    j   -j.    x^ 

y  s=s  .-—  SB  -J SB  reqnired  ordinate. 

4x         X     • 

JEzan^U, — ^Let  the  area = 4  feet  ss  a ; 

then  ,806/a  « ,806  •  2  =  1.612  ==  abscissa  =  x; 

and  y  =»  ordinate  =  —  « -^  =  1,868. 
"^  4x       6,448 

Now  we  have  the  abscissa  x  ss  1,612,  and  ordinate  »=  1,868. 

By  Sec.  180,  we  find  the  length  of  the  cnrre  N  V  U  »  6,26 ;  and  by 
dividing  the  perimeter,  6,26,  into  the  area  of  the  sewer,  we  wiU  have  tbe 

hydraulic  mean  depth  »= =  0,76  feet 

6,16 

184.  The  circular  sewer,  when  running  half  ftdl,  has  a  greater 
hydraulic  mean  depth  than  any  other  segment ;  but  as  the  water  falls 
in  the  sewer,  the  difference  between  the  circular  and  parabolic  hydranlio 
mean  depths,  decreases  until  in  the  lower  segments,  where  the  debrig  is 
more  concentrated  in  the  parabolic,  than  in  the  circular,  the  paraboUo 
sewer  with  the  same  sectional  area  will  give  the  greatest  hydraulic  mean' 
depth.  This  will  appear  from  the  following  calculations :  Where  the 
segment  of  a  circle  is  assumed  equal  to  a  segment  of  a  parabola,  which 
parabola  is  equal  to  one-half  of  the  given  circle.  The  method  of  finding 
the  length  of  the  ourre,  area  and  hydraulic  mean  depth,  will  also  wspp^mx. 
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Thai  Vu  paralaUe  ttvrr,  wham  at*eitia  =  0,806V'»  and  ordiaati  =^  —  ■ 
(icjitn  a  =  jfinen  arta),  u  ittttr  than  either  the  eireulaT  or  egg-thaptd  enter, 
viU  appear /Tora  thtfotlmcing  table  and  caleuialiont. 

Ut.  TABLE,  SHOWING  THE  HYDRAULIC  UEAN  DEPTH  IK  SEGMENTS 
OP  PARABOLIC  AJSD  CIRCULAR  SEWEBS,  EACH  UAVIKO  THE  SAME 
SECTIONAL  AREA.  THE  DIMENSIONS  OF  THE  PRIMITIVE  PARA- 
BOLA ASD  CIECULAK  ARE  AI  THE  TOP. 

Parabola,  ZoIiu  Jteetum  2,7.       Sbhicibclk,  Diameter  :=  4  feet. 


Bmsdbs  the  hjdrosta^o  or  sconiirig  force  in  a  tewer  ii  found  by  multi- 
plfing  tbe  scctioDsI  area  by  tbe  depth  and  (>2{  ponnde,  and  that  tha  deptha 
of  the  MgmeDla  of  a  parabola  are  greater  than  in  the  aegmenti  of  the  temi- 
eircle,  each  beiog equal  to  the  aame  giTCD  area;  therefore,  from  inapectlng 
the  aboTe  table,  It  will  appear  that  (be  parabolic  sewers  h>Te  greater  by* 
drostatic  depths  and  pressure  than  tbe  circular  segment*.  It  also  appears 
that  in  the  lover  half  depth  of  the  semicircle,  and  in  all  other  depths  lower 
than  half  tbe  radius,  the  hydraulic  mean  depth  is  greater  than  in  oircolar 
■egmeDti  of  the  same  areas. 

Calculation  of  the  foregoing  Table. 

Sxan^le.  Beqnired,  the  ordinate  at  abscissa  ],2  of  tbe  given  parabola, 
«hoH  abscisM  =  2,019,  and  ordioate  2,336,  aod  latui  reclum  2,7. 

Svlt,  Mnltiply  ths  latns  rectum  b;  the  abscissa  of  the  parabolic  leg- 
meriL    The  square  root  of  produot  wlU  be  tbe  required  ordinate. 

Or  by  logarithms,  let  log  of  2,7  =  0,431364 

log  of  ths  giren  abscissa  =0.041898 

li>E  at  the  product  of  abseisM  and  ktue  rectnm  t^  0,4727Q7 

*bieh  diiide  by  2  will  give  the  log  of  the  iquare  root  of  the  -fi 

pndact  =  0,286878 

l^natDral  namber  corresponding  to  which  giTcalhe  ordinate  ==        1,E00 
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To  Find  the  Area, 

The  given  ordinate  =  1,800. 
The  chord  or  double  ordinate  =  8,600. 

abscissa  1,2 

4,82 
Thid  product  multiplied  by  2  and  divided  by  8,  gives  the  area  =  2,88. 
That  is,  two-thirds  of  the  product  of  the  abscissa  and  double  the  ordinate 
is  equal  to  the  required  area. 

To  Find  the  Perimeter  of  the  given  Segment, 

186.  Rule.  To  one  and  one-third  times  the  square  of  the  abscissa, 
add  the  square  of  the  given  ordinate.  The  square  root  of  the  sum,  IT 
multiplied  by  2,  will  give  the  perimeter. 

In  the  example,  abscissa  ==  1,2,  and  ordinate  =  1,80. 
Abscissa  squared  =  (1,2)  ==1,44 

one-third  of  (1,2)*  =     48 

square  of  the  ordinate  =  (1,8)*  =  8,24 

1^16 
the  square  root  of  5,16  =:  2,2715 

2 


Eequired  perimeter  =  4,5430 

To  Find  the  Hydraulic  Mean  Depth. 

Rule.    Divide  the  area  of  the  segment  by  the  wetted  perimeter.     The 

quotient  will  be  the  hydraulic  mean  depth. 

2,880 

That  is, =  hydraulic  mean  depth  ==  0,634. 

4,548 

To  Find  the  Height  and  Chord  of  a  Circular  Segment. 

187.     To  find  the  chord  corresponding  to  a  circular  segment  whose  area 

=  that  of  the  parabolic  segment  (see  segment  No.  10  in  table),  where  area 

a 
=  a  =  1,880,--  =  tabular  segment  area,  opposite  tab.  ver.  sine.     This 
d* 

multiplied  by  the  diameter  will  be  the  height  of  the  segment 
Here  we  have  a  =  2,880. 

d*  =  4  X  4  =  16,  and  the  quotient  —  =  0,18000. 

d* 

Tab.  area  segment  =  ,18000. 
Corresponding  ver.  sine  =  ,280  (by  Tab.  VII). 

4 

therefore,  1,120  =  depth  or  abscessa. 

To  Find  the  Chard  or  Ordinate  to  this  depth. 

]  88.     Diameter  of  the  circle,  4  feet, 

given  height  or  depth  of  wet  segment  =  a  =  1,12 

remaining  or  dry  segment  =:  b  =  2,88 

1,12 


product  z=ab         8,2256 
the  square  root  of  this  product  will  (Euclid  III,  prop.  85)  give  the  ordinate 
or  half  chord  =  1,796,  and  the  chord  of  the  segment  =:^  c  =  8,592. 
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To  Find  the  Perimeter. 

189.    We  have  the  height  of  the  segment  =  a  =  1,12, 
the  chord  or  doable  ordinate,  c  =  8,692. 

Then  by  Tab.  YI,  find  the  tabular  length  oorresponding  to  the  quotient 
in  eolumn  tabular  length.  The  tabular  number  thus  found,  multiplied  by 
the  chord,  will  be  the  required  length. 

8,692)      1.12 

quotient,    ,8118, 
whose  tabular  length  =  1,2419, 
which  multiplied  by  the  chord  c  =  8,692, 

will  giTe  the  product  =  the  required  perimeter  =  4,461,  and  the  perime- 
ter dlTided  into  the  giyen  area  will  give  the  hydraulic  mean  depth,  0,646. 

BQO-SBAPKD  8KW1B. 

140.  The  egg-shaped  sewer,  in  appearance,  resembles  a  parabola,  and 
is  that  now  generally  adopted  in  the  new  sewerage  of  London  and  Paris 
since  1857. 

Let  A  B  (fig  41)  =  width  of  sewer  at  the  top.  Bisect  A  B  in  0,  erect 
the  perpendicular  0  C  =i  A  B. 

On  A  B  describe  the  circle  B  A  D  B,  and  on  D  0  describe  the  circle 
DICK.  Produce  A  B  both  ways.  Making  A  Q  =  B  H  =  the  total  height 
C  E,  join  Q  F  and  H  F.  Produce  them  to  the  points  I  and  K.  From  G 
as  centre  describe  the  arc  A  I,  and  from  H  as  centre  describe  the  arc  B  E. 

Let  A  B  =:=  4  feet,  then  D  G  =  2,  and  C  E  =  6,  and  0  C  =  4,  and  0  F 
=  8.  Also  HB==AG  =  GI  =  HK  =  6,  andHA  =  BG  =  2.-. 
H  G  =  8.     Because  G  Q  =  A  G  .-.  G  Q^  —  G  0»  =  0  Q*. 

In  this  example,  Q  G^  =  6^  =  36, 

0  G«  =  4a  =  16. 
The  square  root  of  20  =  4,472  ==  0  Q. 

To  Find  <A«  <  0  G  Q  £y  Trigonometry. 

4,472  dirided  by  radius  6  =  0,745883,  which  is  the  natural  cosine  of 

41«  49^  V\  and  0  F  dirided  by  G  O  =  0,76  =  nat.  tangent  of  <  A  G  F 

=  ae*  52^     (By  sec.  69)  d*  X  n  X  ,00218176  =  12"  X  86o,  86667  X 

,00218175  =  area  G  A  I  =  11,5825.     Here  d>  =  diameter  =  12,  and  n 

=  86®  52'  =  86,86967. 

GOVOP 
Area  of  the  A  C^  0  F  = ^ =  2  X  »  =  « 

Sector  G  A I  —  A  G  0  F  =  5,5826. 

To  Find  the  Sector  I  F  C. 

Because  the  angle  G  0  F  =  90^,  and  the  angle  0  G  F  86<>  52^  their 
sum  1260  52''  taken  from  ISO®  will  gire  <  G  F  0  =  58<»  8^;  but  Euclid  I, 
prop.  16,  the  angle  G  F  0  =:  <  I  F  C  =  58<»  8^  and  F  C  =  radius  =  1, 
wwwequently  d*  =4; 

And  by  section  69,  d»  X  n  X  ,00218176  =  0,4686,  etc.; 
Or  by  Tab.  V,  length  of  the  arc  corresponding  to  the  angle  I  F  C  58<'  8' 

"==  53^  18888  =  0,927851.      This  multiplied  by  }  =  }  the  radius,  will 

giTe  the  area  I  G  F  »  0,4636,  etc. 
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t 

And  fVom  aboTe  we  hare  the  area  A  I  G  ss  11,5826. 

The  sum  of  these  two  areas  =  area  of  the  figure  60AICFG»  12,0461 

From  this  area  deduct  the  ^  G  0  F  found  aboTe,  =■  6 

There  remains  the  area  of  half  the  sewer  below  the  spring  of  the 

arch,  6,0461 

This  multiplied  by  2  giyes  the  area  of  sewer  to  the  spring  of  the  arch ; 
that  is,  area  ofAOBKCI=»  12,0922 

Length  of  the  ourre  A  I  may  be  found  by  Tab.  V. 

<;  0  G  F  =  86®  52''  =  86*>,  86,  length  of  arc  to  radius  1  =  ,658444 


1 


radius  GQ 

—            6 

arc  A  I  := 

arc  I  G  from  aboTe  == 

8,920664 
0,927861 

length  of  arc  A  I  C  = 

4,848 
2 

do.         A  I  C  K  B  »  perimeter  =  9,696 

This  perimeter,  9,696,  if  dirided  into  the  area,  12,0922,  will  giye  the 
hydraulic  mean  depth  of  the  sewer  below  the  spring  of  the  arch  «  1,247 
feet. 

141.     7i>  Find  tht  Diameter  of  a  Cirde  whtme  Semidremlar  Area  =  12,0922. 

12,0922 
2 


Area  of  required  circle  =s  24,1844 
This  diYided  by  0,7854,  will  gire  the  square  of  the  required  diameter  = 
80,792462,  square  root  =  diameter  =  5,550.     Half  of  the  diameter  multi- 
plied by  8,1416  =3  perimeter  of  semicircle  s=  8,718.      This  perimeter 
dirided  into  the  area  12,0922  =  hydraulic  mean  depth  1,887. 

Let  ue  Find  a  Parabolic  Sewer  equal  in  area  to  12,0922. 


142.     Abscissa  =  0,806  /a  =  0,806  V^12,uy2  =  2,808.    By  sec.  188. 

Vi       8,4774 
Ordinate  =  77^  =  -^r^r^  -  8,2344. 
1,0/5       l,0i5 

Double  ordinate,  6,4688. 

Area  corresponding  to  double  ordinate  6,4688,  and  Abscissa  2,808  := 
12,088. 

To  Find  Perimeter  of  thie  Parabolic  Sewer, 

148.    Abscissa  squared  »  (2,808)^  »  7,856809 

one-third  of  do.  =::  2,618986 

Ordinate  squared  =  (3,2844)^  =  10,461843 

20,937098 
The  square  root  of  the  sum  =   4,575 

2 


Perimeter  of  wetted  parabola  &=    9,15 
This  perimeter  diyided  into  12,088,  giyes  H.  M.  D.  =  1,321. 

Now  we  haye  the  following  summary : 
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CfTcnlar 
Sewer. 

PantboUe 
Sewer. 

£gff«haped 
Sewer. 

12,0922 

12,088 

12,0922 

2,776 

2,803 

4,000 

1,887 

1,821 

1,247 

Area  filled  in  sewer, 

Depth  of  water  in  sewer, 

Hjdranlio  mean  depth  of  part  filled, 

Hydrostatic  pressure  on  bottom  of  sewer 

=  depth  of  water  X  ^J  62J  ft>8.  X 

sectional  area,  2097  lbs.     2271  lbs.    8241  lbs. 

Hence  it  appears  that  the  scouring  force,  or  hydrostatic  pressure,  is 
greater  in  a  parabola  than  in  the  semicircle,  and  greater  in  the  egg-shaped 
sewer  than  in  the  parabolic  sewer. 

And  that  the  hydraulic  mean  depth,  and  consequently  the  discharge,  is 
greater  in  the  parabolic  than  in  the  e{Qg-shaped,  and  greater  in  the  circular 
than  in  the  parabolic. 

The  great  depths  required  by  the  egg-shaped,  renders  them  impracti- 
cable excepting  where  sufficient  inclinations  can  be  obtained. 

The  parabolic  segments  will  give  greater  hydraulic  mean  depths  than 
circular  or  egg-shaped  segments,  and  are  as  easily  constructed  as  the  egg- 
shaped  sewers ;  therefore,  ought  to  be  preferred. 

Haying  so  far  discussed  curvilineal  water  courses  or  sewers,  we  will  now 
proceed  to  the  discussion  of 


KBCTILINEAL  WATER  COURSES. 

144.  Let  the  nature  of  the  soil  require  that  the  best  slope  to  be  giyen 
to  the  sides  be  that  which  makes  the  <^  D  C  A  =  Q.  Let  the  required 
area  of  the  section  A  B  D  C  be  a,  and  A  the  given  depth,  to  find  the  width 
AB  =  x. 

Let  x  =  AB  =£F,  and  haying  the  •<  D  C  A,  we  haye  its  compliment 
<  C  A  E.     By  Trigonometry,  h  X  cotangent  Q  =  C  E  =  F  D,  and  A  X 
cot.  Q  X  A  =  A^*  X  cot-  Q  =  area  of  the  triangles  CEA  +  A^FD, 
and  A  X  X  =  area  of  the  figure  A  £  F  B ;  therefore, 
A  2  +  h«  cot.  Q  =  a, 

a 
x-f-hcot.Q=  -, 

h 

a 

X  =  -  —  h  cot.  Q.    A  general  formula.     (1.) 
h 

Or,  X  =  -  —  A  tan.  comp.  Q.  (2.) 

h 

When  the  <  C  A  E  =  0  then  A  C,  coincides  with  A  E,  and  —  A  oot  Q 

Tsaifihes;  then 

a 
*  =  -  =  yalue  for  rectangular  figures,  where  A  the  depth  is  limited,  as 

A  the  ease  of  canals ;   but  if  it  were  required  to  enclose  the  area  a  in  a 
v^Ungalar  figure,  open  at  top,  so  that  the  surface  will  be  a  minimum. 
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Here  we  have  A  B  =  x,  and  AC  =  BD=-.-.  perimeter  G  A  B  D  =» 

X 

2&      x»  -f  2  a 

X  X 

^      .             xa  -f  2  a 
that  18,  y  = ,  and  by  differentiating  this  expression, 

2xadx  — ladx  — 2adx      x^dx  — 2adx 
d  y  = e= 

X*  X* 

d  y      x»  —  2  a 

x»  —  2  a  =  0. 
•    x  =  i/2a  =  AB, 

and  -L=  ===  A  C  =  ^*  '  ^?  =  ^-- .     Multiply  this  by  i/2; 
1^2  a  i/a.>/2       i/2  ^ ''  ^ 

then  =  l^!^*  =  ?^  =  Jl/2-a«AC. 

t/2  .  i/2       i/2  ^      _ 

But  l/2  a  =  A  B. 

Consequently,  A  B  =  twice  A  C,  as  stated  in  sec.  19. 

HaTing  determined  the  natural  slope  firom  obsenring  that  of  the  adjacent 
hills — and  if  no  such  hills  are  near,  it  is  to  be  determined  from  the  nature 
of  the  soil, — 

Let  A  C  =  required  slope,  making  angle  n  degrees  with  the  perpen- 
dicular A  E ;  then  C  £  =  tangent  of  angle  n  to  radius  A  £. 

Let  M  =  secant  of  the  angle  C  A  E ;  then  A  C  =  secant  to  radius  A  E 
and  angle  n  degrees.    See  fig.  42. 

Let  X  :=  height  of  the  required  section,  and  a  =  area  of  the  required 
section  C  A  B  D,  to  find  the  height  x  and  base  A  B,  n  x'  =  area  of  the 
two  triangles  A  G  E  -f  B  F  D,  because  C  E  =  n  x,  and  A  E  =»  x,  .  * .  n  x' 
s=  double  area  of  triangle  ACE. 

Now,  we  haye  a  —  n  x^  =  area  of  the  rectangle  A  B  £  F  .*. 
^""^    =  A  B.    But  #  ar  =  A  C,  and  2  «  X  =  C  A  +  B  D ; 

X 

a  —  n  X*  % 

therefore, 1-  2  s  x  =  perimeter  C  A  B  D  ==  a  minimum ; 

X 

a  — nx2+2sx«      2sxa— nx^+a      x«.(2  8— n)  +  a 
I.  e.,  — = = 

X  X  .  X 

and  by  differentiating  the  last  expression, 

4sx*dx  — 2nx»dx  +  nx*dx  — adx 
we  haye  d  y  = 


X2 


dy 
and  —  =  2  s  X*  —  n  x*  —  a  =  o, 

d  X 

a 
and  x^  = 


2  s  — n 


ft       i 
and  X  =  ( )  =  A  E  =  height,  or  required  depth.  (3.) 

When  there  is  no  slope,  A  C  coincides  with  A  £,  and  S  =  1,  and  n  ==  o ; 

a  i 
then  for  rectangular  conduits  x  =  (-)  (4.) 
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EzampU.  What  dimensions  must  be  giyen  to  the  transyerse  profile  (or 
section)  of  a  canal,  whose  banks  are  to  have  40®  slope,  and  which  is  to 
eoodnct  a  qaantity  of  water  Q,  of  75  cubic  feet,  with  a  mean  velocity  of  8 
feet  per  minute  ? — WeuhacKt  Mechanics^  vol.  l,j>,  444. 

Here  we  have  the  <  D  C  A  =  40°,  consequently  <  C  A  E  =  50°,  and 
the  sectional  area  of  figure  CABD  =  a  =  25  feet. 

ft       i 
By  formula  8,  x  =  (- )  where  s  =  secant  of  50°  =  1,555724, 

2  8  — n 
ud  n  =  tangent  of  50°,  1,191754. 

2  8  =  8,111448 
n       1,191754 
1.919694  divided  into  25,  gives  13,022868, 

the  square  root  of  which  =  x  =  depth  A  £  =  8,6087  =  8,609  nearly, 
and  Ungent  =  1,191754  if  multiplied  by  8,609  X  8>609  =  area  of  the 
triangles  AGE  +  BFD  =  15,522809,  which  taken  from  25,  will  leave 
the  rectangle  A  £  F  B  =  9,477691 

This  diTided  by  the  height,  8,609,  giyes  A  B  =  2,626 

But  3,609  X  1,191754  =  C  E  =  4,801 

and  F  D,  4,801 

Upper  breadth  C  D  :=  11,228 

Bottom  A  B  2,6260 

1,555724  X  8,609  =  A  0  =  5,6146 

and  B  D  =  5,6146 


p  =  perimeter  =  AO  +  AB  +  BD=  18,8652 

which  is  the  least  surface  with  the  given  slopes,  and  containing  the  given 
area  =  25  feet. 

The  results  here  found  are  the  same  as  those  found  by  Weisbach's  for- 
mola,  which  appears  to  me  to  be  too  abstruse. 

145.  From  the  above,  the  following  equations  are  deduced : 

AE  =  BF  =  x=  ( — - — y 

2  s  —  n 

•  ft       i  as^     A 

1        ^>/2b  — n       ^  ^  l/a 

146.  Hence  it  appears  that  the  best  form  of  Conduiu  are  as  follows  i 

Ciradar,  when  it  is  always  filled. 

Rectangular,  that  whose  depth  is  half  itis  breadth.  , 

J^umffular,  when  the  triangle  is  equilateral.  « 

PwaboUCf  when  the  depth  of  water  is  variable  and\  conduit  covered,  and 
in  accordance  with, section  188. 

RtettUaeal,  when  opened,  and  in  accordance  with  section  144. 

For  the  velocity  and  discharge  through  conduits,  also  for  the  laying  out 
of  canals,  and  calculating  the  necessary  excavation  and  embankment,  see 
SeqiuL 
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147.  TABLE,  SHOWING  THE  VALUE  OF  THE  HEIGHT  A  £  «=  x, 

a       } 

in  the  eqaation  x  =  ( )  ,  where  a  =  area  of  the  giren  section,  hai- 

2  9  —  n 
log  gWen  slopes,  and  such  that  the  area  a  is  inclosed  by  the  least  surface 

or  perimeter  in  contact.    «  =  secant  and  n  ^  tangent  of  the  angle  DBF, 

or  complement  of  the  angle  of  repose  (see  fig.  42). 


lUUo  of  baw  B  G 
to  perpeodicular  B  F. 


Perpendicular  0  to  1 

1  tol 

1,5  to  1 

2tol 

2,5  to  1 

8tol 

8,5  to  1 

4tol 

5tol 

Perfectly  dry  soil, 

Moist  soil. 

Very  dry  sand, 

Rye  seed. 

Fine  shot, 

Finest  shot, 


Angle  of  repose       Angle  Q 


or  angle  DBG.!   or  <  D  B  F 


Vain,  of  X  -  iT~—J 
*  a  —  n 

or  A  K. 


90«  00' 

46«  00' 
23»  4V 
26«  34' 
21"  48' 
ISO  26' 
15»  56' 
140  02' 
11°  19' 
88«  49' 
420  48' 
30*>  68' 
30°  00' 
25°  00' 
22°  30' 


00°  00' 
46°  00' 
66°  49' 
63°  36' 
68°  12' 
81°  84' 
74°  04' 
75°  58' 
48°  41' 
61°  11' 
47°  17' 
59°  02' 
60°  00' 
65°  00' 
67°  30' 


X  = 


i/(^) 


^^1^28427' 


a 


X  ^ 


X  = 


^  %74r)287 


) 


^  ^2,472025' 


X  = 


-vu 


) 


X  = 


X  = 


2,885318 

!/(— ^) 
^  ^6,892288' 

a 

^^37r82686^ 

a 

^^4,247024^ 


X  =  |/( ) 

^  U,891684 

^^,947647 

a 

^  ^1^6^l' 

a 

^  2,72049r 


X  = 


X  = 


X  = 


X  = 


lb 

^^2^^267949' 


a 


^^2,587897^ 


^  ^2,812088' 


X  = 


Slopes  for  the  sides  of  canals,  in  very  compact  soils,  have  1}  base  to  1 
perpendicular ;  but  generally  they  are  2  base  to  1  perpendicular,  as  in 
the  Illinois  and  Michigan  Canal. 

Sea  hanks,  along  sea  shores,  have  slopes  whose  base  is  5  to  1  perpen- 
dicular for  the  height  of  ordinary  tides;  base  4  to  1  perpendicular  for 
that  part  between  ordinary  and  spring  tides ;  and  slopes  3  to  1  for  the 
upper  part.  By  this  means  the  surface  next  the  sea  is  made  hollow,  bo 
as  to  offer  the  least  resistance  to  the  waves  of  the  sea.  The  lower  part  la 
faced  with  gravel.  The  centre,  or  that  part  between  ordinary  and  spring 
tides,  is  faced  with  stone.  The  upper  part,  called  the  swash  bank,  is 
faced  with  clay,  having  to  sostain  but  that  part  of  the  waves  which  dashes 
over  the  spring  tide  line.     (See  Embankments.) 
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148.     Let  the  giTSn  engle  be  C  A  B'  (Bg.  9).     Let  A  B  ^  a,  C  B  =  a, 
end  A  C  =  e,  be  the  giiea  parts  Id  the  right  angled  triangle  A  C  B.  ' 
H9.     BadiDB  =  A  B'  =  A  C. 
164X     Bine  <CAB'=^CB^  coaiae  of  the  camplement  ==  cos.  <  A  C  D. 

151.  Cob.  <CAB  =  AB  =  sine  of  the  comp.  of  <  C  A  B  =  sine 
<ACB. 

152.  Tangent  <  C  A  B'  =  B  T  =  oot.  of  its  complement  =  cot.  < 
HAC. 

153.  Cotaogeot  C  A  B'  =  H  E  t=  tan.  of  its  complement  =  ton.  < 
HAC. 

164.  Seoant  <  CAB'  =  AT  =  eosee.  of  iU  oomplement  —  cosec. 
<HAC. 

166.  'CoMcant  <CAB'  =  AK  =  seo.  of  its  oomp.  =  sec  <  C  A  H. 
ISS.    Toned  «ne  <  C  A  B'  =  B  B'. 

167.  CoTtrsed  une  <CAB'^H  I^  Tereed  sino  of  its  complement. 

158.  Chord  <  C  A  B'  =  C  B'  =  twioe  the  eine  of  i  t'"'  <  C  A  B'. 
I&8a.     Complement  of  an  angle  is  what  it  wante  of  being  90°. 

156i.     Supplement  of  an  angle  is  irhat  it  wanti  of  being  160°. 

168c.  Arithmetical  complement  is  the  log.  sine  of  an  angle  taken  from 
10,  or  begtB  at  left  head  and  snbtract  from  9  each  figure  but  the  last, 
which  Uke  trom  10. 

159.  Let  AC  B  (fig.  9)  represent  aright  angled  triangle,  in  which  A  B 
C  B  C  =  a,  and  A  C  =  b,  and  A,  B,  C,  the  gixeo  angle». 

160.  Sine  <  A  =  - 

161.  Cos.  <  A  =  ^ 
182.  Tan.  <A  =  - 
IM.  Sine  C  =  - 
184.  Cos.  C  =  - 

165.  Tao.C=- 

166.  See.  A  -=  - 

And  the  sides  can  be  fonnd  as  tolloirs: 

167.  a  =  c  tan.  A. 

168.  e  =  b«ine  A. 
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169.  a  =s  b  COS.  C. 

c 

170.  b  =  c  sec.  A  =  a  see.  <  C  = 


171.     c  =  b  COB.  A  =  b  sine  C  =  a  tan.  C  = 


COS.  A      COS.  C      sine  A 
b 


sec.  A 


Nat.  sine  of  86*>  hV  =  ,6000 
AC=     480 


A  B  =  280  =  product 


Examplet.     Let  A  C  =  the  bypothenuse  =  480,  and  the  angle  at  A 
58^  8^  to  find  the  base  A  B  and  perpendicular  A  C. 

By  sec.  168,  natural  sine  of  <  A  ,8000  =  departure  of  68®  8^ 

AC        =480 

B  C  =  a  =  884  =  product 

Or  by  logarithms :    * 

Log.  sine  of  <  A  (58o  80  =  8,9081084 

Log.  of  b  =  log.  of  480  2,6812412 

B  C  =  884  =  2.6843496 
And  by  haring  the  <  A  =  58<»  8'  .  • .  the  <  C  =  Se*  62^ 

Othenoiae, 
86®  52'     Log.  sine  =  9,7781186 
Log.  of  480  =  2. (-.812412 

288  nenrly  =  2,4598598 
or  287,978  =  A  B. 

171tf.     Let  the  side  B  C  =  a  =  384,  and  the  angle  C  =  86<»  62'  be  giyen 
to  find  c,  b,  and  the  angle  A. 

90©  —  86^  52'  =  <  A  =  5««  8', 

and  a  tan.  C  =  c,  that  is  884  X  0,7499  .=  A  B  =  288  nearly. 

1716.     Let  the  sides  be  git  en  to  find  the  angles  A  and  C. 

884 

Sine  A  =  -  (per  sec.  160)  = =  0,8000  =  53«»  8'  nearly. 

b  4bO 

b  4  0 

Sec.  A  =  -  (per  sec.  166)  =  — -  =  1.66C6  =  63«  8'  nearly. 

Cos   A  =  -  (per  sec.  161)  =  ^—  =  0,6000  =  68°  8'  nearly. 
^  b  4ttO 

A  384 

Tan.  A  =  -  (per  see.  162)  =  -r-,  =  1,3888  =  53*>  S'  nearly. 

In  like  rnnnner  the  angle  C  may  be  found. 

The^c  examples  are  j-ufficient  to  enable  the  surTcror  to  find  the  sides 

and  nngW». 

TU^'  calculations  may  be  performed  by  lognrithms  as  follows: 

Log.  a  =  -f-,  etc. 
Log.  b  ==  — ,  etc. 

Sine  «T  fti'gle  A  L<.g.  sine  of  <  A. 
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OBLIQUE    ANGLED    TRIANGLEH. 

17Ie.     Tbe  following  are  the  algebraic  ▼alues  for  the  four  qnadrnnts : 


Sine, 

C<Mine, 

Tangent, 

Cotangent, 

Secant, 

Cosecant, 

Versed  sine. 


From  0  to  90. 

+ 
+ 


From  SO  to  180. 


Prom  180  to  270 


+ 


From  270  to  3<I0 

+ 


Sine, 

Cosine, 

Tangent, 

Cotangent, 

Secant, 

Coeectint, 

Versed  sine. 


(p 

«0» 

180° 

270° 

0 

1 

0 

—  1 

1 

0 

1 

0 

0 

inf 

0 

inf 

inf 

0 

inf 

0 

1 

inf 

—  1 

inf 

inf 

1 

inf 

1 

0 

1 

2 

1 

Note.  Here  the  symbol 
m/ signifies  a  quantity  which 
is  infinitely  great. 


172.  a^  =  b^  4-  c«  —  2  b  c  .  cos.  A. 
178.  b»  =  a«  -f  c*  —  2  a  c  •  cos.  B. 
174.  c3  =  a»  -f  b»  —  2  a  b  .  cos.  C. 
Now,  fVom  172,  178,  and  174,  we  find  the  cosines  of  the  angles  A,  B, 


andC. 
176,    Cos.  A  = 


176.    Cos.  B  = 


177.    Cos.C  = 


b2  -f-  ca  —  aa 

2bc 
a^  4-  c2  —  b^ 

2  ac 

2Ya 


A 


B 


And  by  substituting  s  =  jf  the  sum  of 


the  three  aides  =  J  (a  -f  b  -f  c),  we  find — 

2     , 

1/8.    Sine  A  =  --  Ks  •  (»  —  a)  •  (s  —  b)  -  (s  —  c) 

DC  /      \  / 


179.    Sine  B  =  —  v^s  •  (s  —  a)  •  (s  —  b)  •  (s  —  o) 


180.  Sine  C  «—  /s  -  (s  —  a)  •  (s  —  b)  •  (s  —  c) 

181.  Cos.i  =  V'^^^^^^ 

2        ^       bo 

182.  Cos.— = -J^IIiEn 

2        >       ac 

183.  Co8.-~='^^'  ^'T        Also,  wo  find  in  terms  of  the  tangent— 
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184.     T.n.^=V-~~'^'^"— ^ 
2        ^       B  •  (s  —  a) 


186.    Tan.-=V^i^^^^<^^:i^ 

2  ^        B  .  (8  —  b) 

186.    TaD.-^=V^^~'^^'^^~^^    WecaafindrntermaofwiM 


2         ^       B  .  (8  —  c) 

187. 

Sine  ""      V^'      '^  •  ^'^  '    "^ 
2        ^             be 

188. 

«.       '^          '(s       a)-{s       b) 
Sine  — = X —^ ' 

2        ^  ac 

189.     Sine-=A/liEiEIiE5) 
2       >  ab 

100.     Radius  of  the  inscribed  circle  in  a  triangle  =  r  =    * 

t±lL«-ZlJ^'Ji_-  ^)  •  (^  -  ^)  which  is  the  same  as  giyen  in  sec.  i8. 

s 

191.  Radins  of  the  circumscribing  circle  =  R  = 
4  {s  .  (s  —  a)  -  (8  —  b) .  (s  —  c)}*- 

192.  By  assuming  D  =  the  distance  between  the  centres  of  the  in- 
scribed and  circumscribed  circles,  we  have  D'  ==  R*  —  2  R  r,  and  D  = 
(Ra  —  2  R  r)* 

198.     Area  of  a  quadrilateral  figure  inscribed  in  a  circle  is  equal  to 
{ (s  —  a)  •  (s  —  b)  .  (s  —  c)  •  (s  —  d)  V^*  where  s  is  eqoal  to  the  sam  of 
the  sides. 

Sidei  are  to  one  another  at  the  Sinee  of  their  OppoeUe  Anklet, 

194.  a  :  c  : :  sine  A  :  sine  C. 

195.  a  :  b  : :  sine  A  :  sine  B. 

196.  b  :  c  : :  sine  B  :  sine  C.    And  by  altemando — 

197.  a  :  sine  A  : :  c  :  sine  C. 

198.  a  :  sine  A  : :  b  :  sine  B. 

199.  b  :  sine  B  : :  c  :  sine  C.    And  by  invertendo — 

200.  Sine  A  :  a  : :  sine  C  :  c. 

201.  Sine  A  :  a  : :  sine  B  :  b. 

202.  Sine  B  :  b  : :  sine  G  :  c. 

Having  two  Sides  and  their  contained  Angle  given  to  Find  the  other  Side 

and  Angles. 

208.  RuU.  The  sum  of  the  two  sides  is  to  their  difference,  as  the 
tangent  of  half  the  sum  of  the  opposite  angles  is  to  the  tangent  of  h&lf 
their  difference ;  t.  e.,  a  -f-  b  :  a  —  b  : :  tan.  }  (A  -f-  B) :  tan.  ^  (A  —  B). 
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Here  a  is  assumed  greater  than  b  . ' .  the  <*  A  is  greater  than  B. — E.  I.,  19. 
(See  fig.  12.) 

Now,  haTing  half  the  difference  and  half  the  sum,  we  can  find  the  greater 
and  lesser  angles  of  those  required  for  half  the  sum,  added  to  half  the 
difference  =  greater  <,  and  half  the  difference  taken  from  the  half  sum 
=  lesser  <]. 


When  the  Three  Sides  of  ijie  Triangle  are  given  io  Find  the  Angles. 

205.  Rule,  As  twice  the  base  or  longest  side  A  C  =  b  is  to  the  other 
two  sides,  so  is  the  difference  of  these  two  sides  to  the  distance  of  a  per- 
pendicular from  the  middle  of  the  base ;  that  is,  2  b  :  a  -|-  c  : :  a  —  o :  D  £. 

Here  B  D  is  the  perpendicular,  and  B  E  the  line  bisecting  the  base ; 
becanse  B  C  =  a  is  greater  than  A  B  =  c,  0  D  is  greater  than  A  D ;  be- 
esnse  <::^  A  is  greater  than  <  C,  the  <[  A  B  D  is  less  than  <  C  B  D ; 
therefore,  the  area  of  the  /^  C  D  B  is  greater  than  ^  A  D  B ;  consequently, 
the  base  C  P  is  greater  than  A  D. 

Let  D  £  =  d ;  now  the  ^  A  B  C  is  divided  into  two  right  angled  tri- 
angles A  B  D  and  C  B  D,  haying  two  sides  and  an  angle  in  each  giyen  to 

find  the  other  angles.  ^ 

b              b— 2d  ^ 

In  the  A  A  B  D  is  given  A  D  = d  = 

b               b  -f  2d 
And  A,B  =  c,andBC=a,andCD=-  +  d=  — ■ 


By  sec.  161,  cos.  A  = 


b  — 2d 
2c 


And  in  like  manner, 


b  +  2d 

Cos.  G  =3 And  by  Euclid  I.  82,  angle  B  is  found. 

2a  '      o  . 

Cosine  A  may  be  found  by  seo.  175,  and  cosine  C  by  sec.  177. 

206.    Example,    Let  the  <  A  =  40o  (fig.  5),  <  B  =  60®,  and  the  side 
B  C  equal  to  64  chains,  to  find  the  side  A  C. 

By  aec.  194,  sine  ¥P  :  6i  chains  : :  sine  60°  :  A  C. 
Nat.  006  60°  '   »  0,7604 

Nat.  number  =       64 


Product  » ^9,02666 

Hat.  sine  ¥P  »  0,64279 

Quotient,  76,272  =  A  C. 


Or  thus: 
Log.  sine  60''  =  9,884264 
Log.  64  »  1,806180 

Sam        11,690434 
Log.  sine  40^  ^  9,882886 


Dlf.  1,882866 

Nat.  No.  =  76,272  chains  »  A  C. 

In  like  manner,  by  the  same  section,  A  B  may  be  found,  because  angles 
A  and  B  together  =  90°  ..  •  <  0  =  90°. 

207.    In  the  A  A  B  C  (fig.  12),  let  the  angle  A  =  40°,  angle  B  =  60<», 
consequently,  <  C  =  80.     Let  B  C  =  64,  to  find  the  side  A  C. 


Kit  tine  60° 
Hat  niunber 


0.86602 
64 


Prodact,  «  66,42628 
Katrfne40P      »   0,64279 

QooUent  86,277  -» udeAC 


Or  thus: 
Log.  Bine         =>   9,937681 
Log.  =    1,806180 


Sam 
Log.  sine 

DJir. 
Nat  No. 


«  11,748711 

»   9,808068 

«   1,986648 
86,227«AC. 


Or  thus: 


Log.  sine 
Log. 
Ar.  comp. 

Sam 


»  9,987681 
=»  1,808180 
»   0,191982 

»   1,985648 
«  86,227 
«AC. 


A  B  may  be  found  by  sec.  200. 
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Note,    Here  ar.  oomp.  signifies  arilbmetieal  complement.    It  is  log.  sin« 
40^  taken  from  10  (see  sec.  158  c),  or  it  is  the  cosecant  uf  40^. 


Oiven  Two  Sides  and  the  Contained  Angle  to  Find  the  Other  Parte. 

208.     ExampU,    Let  A  C  =  120,  B  C  =  80,  and  <  A  C  B  =  40*»,  to 
find  the  other  side,  A  B,  and  angles  A  and  B. 

By  sec.  208, 120  -f  80  :  120  —  80  : :  Un.  IQP :  tangent  of  the  half  differ- 
ence between  the  angles  B  and  A. 

t,  c,  200  :  40  : :  tan.  70^  :  ton.  }  dif.  B  --  A. 

f.  «.,  6  :  1  ::  2,747477  :  0,549495  =  28<>  47'. 

.• .  70<»  +  28«  47'  =  980  47'  =  <  B. 

And  70»  —  28<»  47«  =  41o  18'  =  <  A. 

Bj  sec.  194,  sine  41<>  13'  :  80  : :  sine  40  :  A  B. 


Nat.iiDe40°  0,64279 

Mat  number  80  »  80 

Product  51.42820 

Kat.sine41<>17'      0,66891 


Quotient,  78,048  «  A  B. 


Or  thus:  I  Or  thus: 

Log.  sine  9,808068  ,   Log.  sine  40»         9,808068 

Log.  l,00i)00  I   Log.  80  l,9ia090 

Ar.  comp.  40^'b  0,181176 


Sum 
Log.  sine 

Oif. 


11J11158 
9.818826 

M82^ 
-  78,048  -  A  B. 


1,802888 
-  78,048  -  ▲  B. 


Oiven  the  Thru  Sidee  to  Find  the  Angles. 

209.  Example,    A  B  =  b  =  142,02,  A  C  =  c  =  70,  and  B  C 
104,  to  find  the  angles  at  A,  B  and  C.     (See  fig.  5.) 

Bj  sec.  205,  284,04  :  174  : :  84  :  D  B  =  20,828 
BatAD  =  DB  ==71,010 

Therefore,  A  E  =  91,888  =  cos.  <  A  X 

And  B  E  =  50,182  =  cos.  <  B  X 

Consequently  60,182  -s-  70  =  0,716885  =  cos.  <  A  =  44®  12' 
and  91,888  -^-  104  =  0,88805  ==  cos.  <  C  =  27»  59' 

Haying  the  angles  A  and  C,  the  third  angle  at  B  is  giyen. 

Or  thns  by  sec.  175: 

b>  =  (142,02)2  =  20169,6804 
a«  =  (104)«  10816, 

sum,  80985,6804 
o«  =  (70)«  4900, 

2  b  a  =  29540)  26085,6h04  quotient  ^  0,88806 
(UlTlMT.)  (IMridend.) 

Which  is  the  cosine  of  the  <  C  ==  27®  59' 

210.  Or  thus  by  sec.  188 ; 


AC. 
BC. 
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b  =  142,02,  b  =  104,  and  a  =»  70. 
•  =  104, 
c=    70, 

2)316,02  =3  sum. 

8  =  158,01  =  half  sum,  log.  =  2, 1 986846 

8  _  c  =  88,01,  log.  =  1,9446320 

a  ==  104,  log.  =  2,0170833,  ar.  comp.  7,9829667 
b  =  142,02,  log.  2,1528495,  ar.  oonip.  7,8476505 

2)19,9738838 

C(.8.  }  <  C  =  18*»  69'  36'''  =  log.  sine  9,986109 

.-.  the  angle  A  =  27«  59'  12". 

In  like  manner,  cos.  i  ><  B  may  be  found  by  sec.  1 76. 

The  same  results  could  be  obtained  by  using  the  formulas  in  sections 
184  and  188. 
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211.  In  chaining,  the  snrTcyor  is  supposed  to  hate  his  chain  daily 
eorrected,  or  compared  with  his  stindard.  He  uses  ten  pointed  arroirs 
or  pin)  of  iron  or  steel,  one  of  which  has  a  ring  two  inches  in  diameter, 
on  which  the  other  nine  are  carried ;  the  other  nine  hare  rings  one  inch 
in  diameter.  The  rings  ought  to  be  soldered,  and  haTC  red  cloth  sewed  on 
them.  He  carries  a  small  axe,  and  plumb  bob  and  line,  the  bob  hating  a 
locg  steel  point,  to  be  either  stationary  in  the  bob  or  screwed  into  it,  thus 
esabliog  the  surveyor  to  carry  the  point  without  danger  of  cutting  bis 
pocket.  A  plumb  bob  and  line  is  indispensable  in  erecting  poles  and 
pickets;  and  in  chaining  over  irregular  surfaces,  etc.,  he  is  to  have  steel 
shod  poles,  piinted  white  and  red,  marked  in  feet  from  the  top  ;  flags  in 
the  shape  of  a  right  angled  triangle,  the  longest  side  under;  some  flags 
red,  and  some  white.  For  long  distances,  one  of  each  to  be  put  on  the 
pole.  For  ranging  lines,  fine  pickets  or  white  waAed  laths  are  to  be  used, 
set  np  so  that  the  top:i  of  them  will  be  in  a  line.  Where  a  pole  has  to  be 
used  as  an  observing  station,  and  to  which  other  lines  are  to  be  refen-ed, 
it  would  be  advisable  to  have  it  white- washed,  andia  white  board  nailed 
near  the  top  of  it. 

His  field  books  will  be  numbered  and  paged,  and  have  a  copious  index 

in  each.     In  his  office  he  will  keep  a  general  index  to  his  surveys,  and  also 

an  index  to  the  various  maps  recorded  in  the  records  of  the  county  in  which 

he  from  time  to  time  may  practice.     In  his  field  book  he  keeps  a  movable 

blotting  sheet,  made  by  doubling  a  thin  sheet  of  drawing  paper,  on  which 

he  pastes  a  sheet  of  blotting  paper,  by  having  a  piece  of  tape,  a  little  more 

than  twice  the  length  of  the  field  book.     The  sheet  may  be  moved  from 

folio  to  folio.      One  end  of  the   tape  is  made  fast  at  the  top  edge 

and  back,  brought  round  on  the  outside,  to  be  thence  placed  over  the 

blotting  sheet  to  where  it  is  brought  twice  over  the  tape  on  the  outside, 

leaving  about  one  inch  projecting  over  the  book.     He  has  offset  poles,— 

oae  of  ten  links,  decimally  divided,  and  another  of  ten  or  six  feet,  similarly 

^vided,  moiiBted  with  copper  or  brass  on  the  ends.    One  handle  of  the 
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chain  to  have  a  large  iron  link,  with  a  nnt  and  screw,  so  as  to  a4>ast  the 
chain  when  the  correction  is  less  than  a  ring.  By  this  contriTance  the 
chain  can  be  kept  of  the  exact  length.  Some  surveyors  keep  their  chains 
to  the  exact  standard,  but  most  of  them  allow  the  thickness  of  an  arrow, 
to  counteract  any  deflections — that  is  allowing  one-tenth  of  an  inch  to 
eyery  chain. 

In  surveying  in  towns  and  cities,  where  the  greatest  accuracy  is  required, 
the  best  plan  is  to  have  the  chain  of  the  exact  length,  and  the  fore  chain 
bearef  to  draw  a  line  at  the  end  of  the  chain,  and  mark  the  place  of  the 
point  at  the  middle  of  the  handle.  Turn  the  arrow  so  as  to  make  a  small 
hole,  if  in  a  plank  or  stone ;  if  in  the  earth,  hold  the  handle  vertically, 
so  as  to  make  the  mark  on  the  handle  come  to  the  side  of  the  arrow  next 
the  hind  chainman.  Where  permanent  buildings  are  to  be  located,  sur- 
veyors use  a  fifteen  feet  pole,  made  of  Norway  pine,  and  decimally  marked. 
This,  with  the  plumb  line,  will  insure  the  greatest  accuracy. 

In  locating  buildings,  the  surveyor  gives  lines  five  feet  fr6m  the  water 
table,  so  as  to  enable  cellars  or  foundations  to  be  dug.  When  the  water 
table  is  laid,  the  surveyor  ouffht  to  go  on  the  ground  and  measure  the  distance 
from  tfie  water  table  and  face  of  the  walls  from  the  true  side  or  sides  of 
the  street  or  streets  and  sides  of  the  lot. 

In  making  out  his  plan  and  report  of  the  survey,  he  ought  to  state  the 
date,  chainmen,  the  builder  and  owner  of  the  lot  and  building,  at  what 
point  he  began  to  measure,  and  his  data  for  making  the  survey.  A  copy 
of  this  he  files  in  his  office,  in  a  folio  volume  of  records,  and  another  is 
given  to  him  for  whom  the  survey  has  been  made,  on  the  receipt  of  his 
fees.  If  any  of  his  base  lines  used  in  measuring  said  land  pass  near  any 
permanent  object,  he  makes  a  note  of  it  in  his  report. 

In  chaining  in  an  open  country,  he  leaves  a  mark,  dug  at  every  ten 
chains,  made  in  the  form  of  an  isoceles  triangle,  the  vertex  indicating  the 
end  of  the  ten  chains,  or  1000  feet  or  links.  Out  of  the  base  cut  a  small 
piece  about  two  by  four  inches,  to  show  that  it  is  a  ten  chain  mark,  and 
to  distinguish  it  from  other  marks  made  near  crossings  of  ditches,  drains, 
fences,  or  stone  walls.  Some  of  the  best  surveyors  I  have  met  in  Uie 
counties  of  Norfolk,  Suffolk  and  Essex,  in  England,  amongst  whom  may 
rank  Messrs.  Parks,  Molten  and  Eacles,  had  small  pieces  of  wood  about 
six  inches  long,  split  on  the  top,  into  which  a  folded  piece  of  paper,  con- 
taining the  line  and  distance,  was  inserted.  This  was  put  at  the  pickets 
or  triangular  marks  made  in  the  ground,  and  served  to  show  the  surveyor 
where  other  lines  closed. 

In  woodland,  drive  a  numbered  stake  at  every  ten  chains.  In  open 
country,  note  buildings,  springs,  water  courses,  and  every  remarkable 
object,  and  take  minute  measurements  to  snch  as  may  come  within  one 
hundred  feet  of  any  boundary  lines,  for  future  reference. 

In  laying  out  towns  and  villages,  stones  4  feet  long  and  6  inches  square/ 
at  least,  ought  to  be  put  at  every  two  blocks,  either  in  the  centre  of  the 
streets,  or  at  convenient  distances  from  the  corners,  such  as  five  feet; 
the  latter  would  be  best,  as  paving,  sewerage,  gasworks  or  public  travel 
would  not  interfere  with  the  surveyor's  future  operations.  All  the  angles 
from  stone  to  stone  ought  to  be  given,  and  these  angles  referred,  if  possi- 
ble, to  some  permanent  object,  such  as  the  comer  of  a  church  tower,  steeple, 
or  brick  building ;  or,  as  in  Canada,  refer  them  to  the  true  meridian. 
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This  latter,  althoagh  trooblesome,  is  the  most  infallible  method  of 
perpetoating  these  angles,  ^hen  the  hole  is  dag  for  the  stone,  the 
position  of  its  centre  is  determined  by  means  of  a  plnmb  line ;  a  small 
hole  is  then  made,  into  irhich  broken  delf  or  slags  of  iron  or  charcoal  is 
pat,  snd  the  same  noted  in  the  surveyor's  report  or  proces  verbal.  These 
precantions  will  forever  prevent  99- 100th  parts  of  the  litigations  that  now 
take  place  in  our  conrts  of  justice.  The  office  of  a  surveyor  being  as  re- 
sponsible as  it  is  honorable,  he  ought  to  spare  no  pains  or  expense  in 
acquiring  a  theoretical  and  practical  knowledge  of  Ms  profession,  and  to 
be  supplied  with  good  instruments.  Where  a  difference  exists  between 
them,  it  ought  to  be  their  duty  to  make  a  joint  survey,  and  thus  prevent  a 
lawsuit.  This  appears  indispensable  when  we  consider  the  difficulty  of 
linding  a  jury  who  is  capable  of  forming  a  correct  judgment  in  disputed 
soTfeys. 

When  in  tooodland,  we  mark  trees  near  the  line,  blazing  front,  rear, 
a&d  the  side  next  the  line,  and  cutting  in  the  side  next  the  line,  a  notch 
for  every  foot  that  the  line  is  distant  from  the  tree,  which  notches  ought 
to  be  lower  than  where  the  trees  will  be  cut,  so  as  to  leave  the  mark  for 
a  longer  time,  to  be  found  in  the  stumps.  State  the  kind  of  tree  marked, 
its  diameter,  and  distance  on  the  line.  Where  a  post  is  set  in  wood- 
land, take  three  or  four  bearing  trees,  which  mark  with  a  large  blaze, 
faeiog  the  post.  Describe  the  kind  of  each  tree,  its  diameter,  bearing, 
and  distance  from  the  post.    For  further,  see  United  States  surveying. 

In  order  to  make  an  accurate  survey,  the  surveyor  ought  to  have  a  good 
transit  instrument  or  theodolite,  as  the  compass  cannot  be  relied  on,  owing  to 
the  constant  changing  of  the  position  of  the  needle.  By  a  good  theodolite,  the 
surveyor  is  enabled  to  find  the  true  time,  latitude,  longitude,  and  variation 
of  any  line  from  the  true  meridian.  If  packed  in  a  box,  covered  with 
leather  or  oiled  canvas,  it  can  be  carried  with  as  little  inconvenience  as  a 
soldier  carries  his  knapsack, — only  taking  care  to  have  the  box  so  marked 
as  to  know  which  side  to  be  uppermost.  The  box  Ought  to  have  a  space 
large  enough  to  hold  two  small  bull's  eye  lamps  and  a  square  tin  oil  can ; 
this  space  is  about  9  inches  by  8.  Also,  a  place  for  an  oil  cap  covering  for 
the  instrument  in  time  of  rain  or  dust;  two  tin  tubes,  half  an  inch  in 
diameter  and  five  inches  long ;  with  some  white  lead  to  clean  the  tubes 
oocasionally.  These  tubes  are  used  when  taking  the  bearing  of  a  line  at 
night,  from  the  true  meridian.  One  of  the  tubes  is  put  on  the  top  of  a 
small  picket,  or  part  of  a  small  tree :  this  we  call  the  tell-tale.  The  other 
is  made  fast  to  the  end  of  a  pole  or  picket,  and  set  in  direction  of  the  re- 
quired line,  or  line  in  direction  of  the  pole  star  when  on  the  meridian,  or 
at  its  greatest  eastern  or  western  elongation.  Some  spider's  web  on  a 
thick  wire,  bent  in  the  shape  of  a  horse  shoe,  about  six  inches  long  and 
two  and  a  half  inches  wide,  having  the  tops  bent  about  a  third  of  an  inch, 
and  a  lump  of  lead  or  coil  of  wire  on  the  middle  of  the  circular  part.  This 
]rat  in  a  small  box,  with  a  slide  a  fourth  of  an  inch  over  the  wire,  so  as 
to  keep  the  web  dean.  Have  a  small  phial  full  of  shellac  varnish,  to  put 
in  cross  hairs  when  required.  In  order  to  have  the  instrument  in  good 
sdjustment,  have  about  two  pounds  of  quicksilver,  which  put  in  a  trough 
or  on  a  plate,  if  you  have  no  artificial  horizon.  In  order  to  have  the 
telescope  move  in  a  vertical  position,  place  the  instrument,  leveled,  so  that 
you  can  see  some  remarkable  point  above  the  horizon,  and  reflected  in 
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the  mirror  or  qaieksilTer.  Adjust  the  telescope  so  as  to  more  Tertically 
through  these  points.  Mark  on  the  lid  of  the  box  the  index  error,  if  any, 
with  the  sign  -f-,  if  the  error  is  to  be  added,  and  — ,  if  it  is  to  be  sub- 
tracted. 

On  the  last  page  of  each  field  book  pencil  the  following  questions,  which 
read  before  leaTing  home :  Haye  I  the  tme  time, — necessary  extracts  from 
the  Nautical  Almanac, — latitude  and  longitude  of  where  the  surrey  is  to 
be  made, — expenses,  axes,  flags,  poles,  instrument,  tripod,  keys,  necessary 
clothing,  etc., — field  notes,  sketches,  and  whatsocTer  I  generally  carry 
with  me,  according  to  the  nature  of  the  surrey.  It  ought  to  be  the  duty 
of  one  of  the  chainmen  every  morning,  on  sitting  to  breakfast,  to  say, 
**  Wind  your  chronometer,  Hr."  These  precautions  will  prevent  many  mis- 
takes. The  surveyor  ought  to  carry  a  pocket  case  filled  with  tbe  necessary 
medicines  for  diarrhcsa,  dysentery,  ague  and  bilious  fever,  and  some  salves 
and  lint  for  cuts  or  wounds  on  the  feet ;  some  needles  and  strong  thread, 
and  all  things  necessary  for  the  toilet ;  a  copy  of  Simms  or  Heather  on 
Mathematical  Instruments,  and  McDermott's  Manual,  and  the  surveyor  is 
prepared  to  set  out  on  his  expedition.  If  it  so  happens  that  he  is  to  be 
a  few  days  from  home,  he  ought  to  have  drawing  instruments  and  cart- 
ridge paper,  on  which  to  make  rough  outlined  maps  every  night,  after 
which  he  inks  his  field  notes.  He  makes  no  erasures  in  his  report  or  field 
notes.  When  he  commits  an  error,  he  draws  tbe  pen  twice  over  it,  and 
writes  the  initials  of  his  name  under  it.  This  will  cause  his  field  book  to 
be  deserving  of  more  credit  than  if  it  had  erasures.  Tbe  surveyor  ought 
to  leave  no  cause  for  suspecting  him  to  have  acted  partially. 

212.    Let  it  be  required  at  station  A  (fig.  12)  to  G 

find  the  <  B  A  G,  where  the  points  B  and  G  are  at 
long  distances  from  A.  Let  the  telescope  be  directed 
to  G,  and  the  limb  read  0.  Move  the  telescope  to  B; 
let  the  limb  now  be  supposed  to  read  20^  -[-.  Direct 
the  whole  body  with  the  index  at  20  -f-  on  G,  clamp 
the  under  plate  and  loosen 'the  upper.  Bring  the  ^  ^^9-  ^^-  ^ 
telescope  again  on  B,  reading  40**  4-*  Repeat  the  same  operation,  brings 
ing  the  telescope  a  third  time  on  B,  and  reading  60®  23'^,  which  being  three 
times  the  required  angle, .-.  the  <  B  A  G  =  20<*  7^  20^^ 

By  this  means,  with  a  five  inch  theodolite,  angles  can  be  taken  to  within 
twenty  or  thirty  seconds,  which  is  equsl  to  six  inches  in  a  mile,  if  read  to 
twenty  seconds.  In  setting  out  a  range  of  pickets,  one  of  the  cross  hairs 
ought  to  be  made  vertical,  by  bringing  it  to  bear  on  the  corner  of  a  building, 
on  a  plumb  line  suspended  from  a  tree  or  window.  The  plumb-bob  ought 
to  be  in  water  to  prevent  vibration.  Two  corresponding  marks  may  be 
out, — one  on  the  Ys  and  the  other  on  the  telescope.  These  two  marks, 
when  together,  indicate  that  the  vertical  hair  is  adjusted.  Where  the 
surveyor  has  an  artificial  horizon  or  quicksilver,  he  can,  by  the  reflec- 
tion of  the  point  of  a  rod  or  stake,  or  any  other  well  defined  point,  ad- 
just the  vertical  hair,  and  then  mark  the  Y  and  telescope  for  future 
operations. 

218.     All  the  interior  angles  of  any  polygon,  together  with  four  right 
angles,  are  equal  to  twice  as  many  right  angles  as  the  figure  has  sides. 
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Ezan^le.     Interior  angles  A,  B,  C,  D,  E,  F  =  v? 
4  right  angles,  860 


,o 


Sum  =  n®  -|-  360 

Nnmber  of  sides  =  6  .-.  6  X  2  right  angles  =      1080<» 

Bjsnbtrmctioxi  n^  =        720^ 


Eating  the  Interior  Angles^  to  Reduce  them  to  Cireumferetttor  Bearinge,  and 

thence  to  Quarter  Compaet  Bearingt. 

214.  Assume  any  line  whose  circnmferentor  bearing  is  given.  Alwagi 
keep  the  land  on  the  right  <u  you  proceed  to  determine  the  bearinge. 

BuU  1.  If  the  angle  of  the  field  is  greater  than  180  degrees,  take  180 
from  it,  and  add  the  remainder  to  the  bearing  at  the  foregoing  station. 
The  sam,  if  less  than  860  degrees,  will  be  the  oircumferen tor. hearing  at 
the  present  station — that  is,  the  bearing  of  the  next  line  (forward).  But 
if  the  sum  be  more  than  860°,  take  360  from  it,  and  the  remainder  will  be 
the  present  bearing. 

Rule  2.  If  the  angle  of  the  field  be  less  than  180,  take  it  from  180,  nnd 
from  the  bearing  at  the  foregoing  station  take  the  remainder,  and  you  will 
have  the  bearing  at  the  preHent  station.  But  if  the  bearing  at  the  fore- 
going station  be  less  than  the  first  remainder  ta  this  foregoing  bearing, 
add  860,  and  from  the  sum  subtract  the  first  remainder,  and  this  last  re- 
mainder will  be  the  present  bearing. 


To  Seduce  Circum/erentor  Bearings  to  Quarter  Comp<us  Bearinge, 

Rule  3.     If  the  circumferentor  bearings  are  less  than  90,  they  are  that 
number  in  the  N.  W.  Quadrant 

Rule  4.     If  the  circumferentor  bearings  are  between  90  and  180,  take 
them  from  180.     The  remainder  is  the  degrees  in  the  S.  W.  Quadrant. 

Rule  5.     If  the  degrees  are  between  180  and  270,  take  180  therefrom, 
and  the  remainder  is  the  degrees  in  the  S.  £.  Quadrant. 

Rule  6.  If  the  circumferentor  bearing  is  between  270  and  860,  take 
them  from  360,  and  the  remainder  is  the  degrees  in  the  N.  £.  Quadrant. 

Rule  7.     360,  or  0,  is  N.,  180  is  S.,  90  is  W.,  and  270  is  E. 

These  rules  are  from  Gibson's  Surveying,  one  of  the  earliest  and  best 
irorks  on  practical  surveying.  Why  so  many  editions  of  his  Surveying 
hafe  been  published  omitting  these  rules,  plainly  shows,  that  too  many 
of  our  works  on  Surveying  have  been  published  by  persons  having  but 
little  knowledge  of  what  the  practical  surveyor  actually  requires. 

We  will  give  the  same  example  as  that  given  by  Mr.  Qibson  in  the  un- 
abridged Dublin  edition,  page  269 : 

The  following  example  shows  the  angles  of  the  field,  and  method  of 
le^iuetion.    The  bearing  of  the  first  line  is  given  =  262  degrees. 


40 
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BtJit'n. 

Angle 
Field. 

1    A 

159 

2  B 

200 

8   C 

270 

4  D 

80 

6  E 

98 

6  P 

100 

7  G 

230 

8  H 

90 

9  I 

82 

10  K 

191 

11  L 

120 

Sum, 

1620 

Add, 

860 

dr.  B. 

200  — 180  =  20,  262  +  20  =  282  = 

270—180  =  90,282  +  90=872,872  —  360=  12  = 
180— 80=100, 12 +  860=872,.872  — 100  =272  = 
180  —  98  =  82, 272  —  82  =190  = 

180  —  100  =  80,  190  —  80  =110  = 

230  —  180  =  60,110  +  50  =160  = 

180  —  90  =  90,160—90  =   70  = 

180—82  =  98,  (70  +  860—98)  =  480  —  98  =  882  = 
191  —  180  =  11,832  +  11  '     =848  = 

180  —  120  =  60,  848  —  60  -=288  = 


=  262  = 


O-CB. 

N.  E.  78 
N.W.12 
N.E.88 
S.  E.  10 
S.W.70 
S.W.20 
N.W.70 
N.E.28 
N.  E.  17 
N.  E.  77 

♦ 

S.  E.  82 


180  —  159  —  21,288—21 

90  X  11  X  2  =  1^80,  which  prores  that  the  angles  of  the  field  haye  been 
correctly  fliken.  Also  finding  262  to  be  the  same  as  the  bearing  fiirst  taken 
\}j  the  needle,  is  another  proof  of  the  correctness  of  the  work. 

216.  Having  selected  one  of  the  sides  as  meridian,  for  example,  a  line 
that  is  the  most  easterly.  This  may  be  called  a  north  and  sonth  line ; 
the  north,  or  860,  or  zero,  being  the  back  station,  and  180  the  forward 
station.  Let  the  angles,  as  yon  proceed  round  the  land,  keeping  it  on  the 
riffhtt  be  A,  B,  C,  D,  E,  and  let  the  line  A  B  be  assumed  N  and  S.  A  = 
north  and  B  =  south.  Then  the  circumferentor  bearing  of  the  line  A  B 
f^m  station  A,  is  =  180°.  If  the  surveyor  begins  on  the  east  side  of  the 
land,  and  sets  his  telescope  at  zero  on  the  forward  station,  and  then  clamps 
the  body,  he  then  turns  it  on  the  back  station.  The  reading  on  the  limb 
will  be  the  interior  angle.  But  if  the  telescope  be  first  directed  to  the 
back  station,  and  then  to  the  forward  station,  the  difference  of  the 
readings  will  be  the  exterior  angle  of  the  field,  which  taken  from  860  will 
be  the  interior  angle. 

The  clrcumferentor  is  numbere'd  like  the  theodolite,  from  north  to  east, 
thence  south-west,  etc.,  to  the  place  of  beginning.  But  the  bearings  found 
by  the  circumferentor  are  not  the  same  as  those  found  by  the  ordnance 
survey  method,  where  any  line  is  assumed  as  meridiaui  as  A  B. 


OBDNANCI  XXTHOD. 

216.  The  following  method  is  that  which  has  been  used  on  the  ordnance 
survey  of  Ireland : 

Assume  any  line  as  meridian  or  base,  so  as  to  keep  the  land  to  be  sur- 
veyed on  the  left  as  you  proceed  around  the  tract  to  be  surveyed.  Let  the 
above  be  the  required  tract,  whose  angles  are  at  A,  B,  C,  D,  £,  F,  G,  H,  I, 
K  and  L.  In  taking  the  interior  angles  for  to  determine  the  circumferentor 
bearings,  the  land  is  kept  on  the  right;  but  by  this  method  the  land  is  kqft 
on  the  left.  To  determine  by  this  method  all  the  interior  angles,  we  pro- 
ceed from  A  td  L,  L  to  K,  K  to  I,  I  to  H,  H  to  G,  G  to  F,  F  to  E,  £  to  ]>, 
D  to  C,  C  to  B,  and  B  to  A. 

Let  B  to  A  be  the  first  line,  and  B  the  first  station.  Let  the  magnetic 
or  true  bearing  of  A  to  B  =  S.  82<>  £. 
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Angle. 

Let  the  theodolite  at  A  read  on  B  =0  0 

on  L  read  =159  A  =  159o 

Theodolite  at  L  read  on  A  =159 

on  forward  K,  read  =279  L  =  120 

Theodolite  at  E,  read  on  L  biick  =  279 

read  forward  on  I  ==  110  K  =  191 

Theodolite  at  I,  read  back  on  E  =110 

read  forward  on  H  a  192  I  =    82 

Theodolite  at  H,  read  back  on  I  =192 

read  forward  on  G  =  282  H  =    90 

Theodolite  at  G,  read  back  on  H  =  282 

read  forward  on  F  =  152  G  =  230 

Theodolite  at  F,  read  back  on  G  =  152 

read  forward  on  £  =  252  F  =  100 

Theodolite  at  £,  read  back  on  F  =3  262 

read  forward  on  D  =  850  £  =    98 

Theodolite  at  D,  read  back  on  £  =  850 

read  forward  on  G  »    70  D  =    80 

Theodolite  at  G,  read  back  on  D  =70 

read  forward  on  B  ==  840  G  =  270 

Theodolite  at  B,  read  back  on  G  =  840 

read  forward  on  A  =  180  B  =  200 

When  at  B,  860  was  on  station  A,  and  180  on  station  B.  Now  when  at 
A,  180  is  on  B, — a  proof  that  the  trayerse  has  been  correctly  taken. 

217.  In  trayersing  bj  the  ordnance  method  where  the  survey  is  ex- 
tensiTe,  it  is  necessary  to  ran  a  check-line,  or  lines  running  through  the 
surrey,  beginning  at  one  station  and  closing  on  some  opposite  one.  This 
will  serre  in  measuring  detail,  such  as  fields,  houses,  etc.,  and  will  divide 
the  field  into  two  or  more  polygons,  and  enable  the  surreyor  to  detect  in 
which  part  of  the  surrey  any  error  has  been  committed,  and  whether  in 
chalttbg  or  taking  the  angles.  I  consider  it  unsafe  for  a  surveyor  to 
equate  his  northings  and  southings,  eastings  and  westings,  where  the 
difference  would  be  one  acre  in  a  thousand.  When  the  error  is  but  small, 
equate  or  balance  in  those  latitudes  and  departures  which  increase  the  least 
in  one  degree. 

BeBurgb's  method — ^known  in  America  as  the  Pennsylvania  method — 
is  as  follows : 

As  the  sum  of  the  sides  of  the  polygon  is  to  one  of  its  sides,  so  is  the 
difference  between  the  northing  and  southing  to  the  correction  to  be  made 
m  tiiat  line. 

Half  the  difiference  to  be  applied  to  each  side ;  as,  for  example, 

Let  sum  of  the  sides  =  24000  feet,  and  one  of  them  =  000  feet,  whose 
hearing  is  N.  40*  E. 

And  that  the  northings  =56,20     equated     56,80 

And  sum  of  the  southings  =26,40     equated     56,80 

dif .  20  and  half  dif.  =  10 

As  24000 :  600  : :  0,10 :  cor.  =  0,0025,  correction  to  be  added,  because 
the  northings  is  less  than  the  southings. 
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2 18a.  Traverse  surveying  is  to  ht preferred  to  triangulaiion.  In  tri atigulation, 
the  Tarious  lines  necessary  will  have  to  pass  over  many  obstacles,  such  as 
trees,  boildings,  gardens,  ponds,  and  other  obstruotions ;  whereas  in  a 
traverse  sanrey,  we  can  make  choice  of  good  lines,  free  from  obstrnctions, 
and  which  can  be  accurately  measured,  and  the  angles  oorre«tly  taken, 
■  without  doing  much  damage  to  any  property  on  the  land. 

In  every  Survey  which  is  trtUy  taken^  the  sum  of  the  Northings  or  North  Letti- 

tudes  is  equal  to  the  sum  of  the  Southings  or  South  Latitudes^  and 

the  sum  of  the  Eastings  or  East  Departure  is  equal  to 

the  sum  of  the  Westings  or  West  Departure. 

219.  Let  A,  B,  C,  B,  E,  F,  G,  H,  I,  K,  be  the  respective  stations  of 
tbesarvej,  (see  fig.  176),  and  N  S  the  meridian,  N  =  north  and  8  =  south. 
Consequently,  all  lines  passing  through  the  stations  parallel  to  this  meridian 
will  be  meridians;  and  all  lines  at  right  angles  to  these  meridians,  and 
passing  through  the  stations,  will  be  east  and  west  lines,  or  departures. 

Let  fig.  17b  represent  a  survey,  where  the  first  meridian  is  assumed  on 
the  west  side  of  the  polygon. 

Here  we  have  the  northings  =  AB4-Bc-f-Cd-fdo-fRA=:RQ, 
and  the  southings  =:nF  +  FO-|-mI-}-iL  =  PL. 

But  R  Q  t=  P  L  .* .  the  sum  of  the  northings  =  sam  of  the  southings,  and 
the  eastings  Co-f-oE-fEn-j-Gm. 

But  C  0  =r  D  d  -|-  D  h.     Therefore  the 

eastings  =  Dd  +  Dh  +  Qn  +  Gm  =  QP-|-Dh, 

and  westings  =  D  h  -f-  L  R;  but  L  R  ±=  Q  P,  and  D  h  =  D  h.     Conse- 
quently the  sum  of  the  eaMtings  is  equal  to  the  sum  of  the  westings. 

Example  2.  Let  fig.  lie,  being  that  given  by  Gibson  at  pnge  228,  and 
on  pUte  IX,  fig.  1,  represent  the  polygon  a  b  c  d  e  f  g.  Let  a  be  the  first 
Btaiion,  b  the  second,  c  the  third,  etc.  Let  N  S  be  a  meridiun  line;  then 
will  all  lines  parallel  thereto  which  pass  through  the  several  stations  be 
also  meridians,  as  a  o,  b  s,  c  d,  etc.,  and  the  lines  b  o,  c  s,  d  c,  etc.,  per- 
pendicular to  those,  will  be  east  or  west  lines  or  departures. 

The  northings^  areei-|-go-fhq  =  ao-fb8-f>cd4-fr,  the 
soothings. 

Let  the  figure  be  completed, — then  it  is  plain  that  go-fhq-f-rk  = 
»o-fb8-|-cd,  and  e  i  —  r  k  =  f  r.  If  we  add  e  i  —  r  k  to  the  first, 
aod  f  r  to  the  latter,  we  have  go-f-hq-f-rk  -f-ei  —  rk=ao4-bs 
-f  cd-f-fr. 

»-«-igo4-hq4-ei  =  ao-j-b8  +  cd4-fp.     Hence  the  sum  of  the 
northings  =  sum  of  the  southings. 

The  eastings  c8-fqa  =  ob  +  de  +  if+pg  +  oh,  the  westings. 

Foraq4.yo:=aq-faz  =  de-f-if-(-rg-foh,  and  b  o  =  c  s 
—  y  0 ;  therefore  aq-fyo-fos  —  yo  =  de  +  if-^rg-foh-f-bo. 

«•<•»  »q-fc8  =  bo4-de-f-if-|-rg  +  oh;  that  is,  the  bum  of  the 
tutings  =5  the  Bum  of  the  westings. 
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226.     Method  of  Finding  the  Northinge  and  Southinge,  and  EoMtmgt 

and  Weetinge.     (Fig.  176.) 


AB 
BC 
CD 
BE 
EF 
FG 
GH 
H  I 
I  K 
KA 


Bearing. 

^North 

N.40«  E. 

N.  lO*'  W. 

N.  60®  E. 

S.80*>B. 

South 

East 

S.  20«  B. 

s.  6(y>  w. 

N. 80®  W. 


Bistanee. 
29,18 
8,00 
9,00 
12,00 
10,00 
17,00 
11,00 
20,00 
21,00 
17,69 


Northing. 

29,1800 
6,1288 
8,8633 
7,7186 


8.0726 
64,9577 


Southing. 


8,6608 
17,0000 


18,7938 
10,6000 

64,9541 


Baating. 

6,1428 

9,1926 
6,0000 

11.0000 
6,8404 


87,1762 


Waiting. 


1,6629 


18,1666 

17,4267 

87,1562 


If  the  aboTe  balance  or  trial  sheet  showed  a  difference  in  closing,  we 
proceed  to  a  resurvey,'  if  the  error  would  cause  a  difference  of  area  equal 
to  one  acre  in  a  thoueand.  But  if  the  error  is  less  than  that,  we  equate  the 
lines,  as  shown  in  sec.  217. 


By  Aeeuming  any  Station  at  the  Point  of  Beginning^  and  Keying  the  Polygon 
on  the  Right,  to  Find  the  most  Easterly  or  Weeterly  Station, 

221.     Let  us  take  the  example  in  section  220,  and  assume  the  station 
F  as  the  place  of  beginning  (see  fig.  176). 


Total 

Total 

Eaating. 

Basting. 

Waathig. 

Waiting. 

FG 

South 

lljOO 

GH 

11,00 

H  I 

6,84 

17,84 

I  K 

18,19 

18,19 

KA 

17,48 

36,62 

AB 

North 

BC 

6,14 

CD 

1,66 

DE 

9,19 

E  F 

8,66 

I  ss  most  easterly  station. 


A  and  B  the  most  westeriy 

stations. 


Here  we  see  that  the  point  I  has  a  departure  east  =  17,84 
after  which  follow  west  departure  to  A  =  86,62 

Therefore  the  point  A  is  west  of  F  =17,78 

Then  follows  E.  dep.  6,14,  and  W.  dep.  =  1,66,  which  leayes  points 
A  and  B  west  of  C,  D,  £  and  F.  Consequently  point  I  is  the  mest  easterly, 
and  points  A  and  B,  or  line  A  B,  the  most  westerly. 

In  calculating  by  the  trarerse  method,  the  first  meridian  ought  to  pass 
through  the  most  easterly  or  westerly  station.  This  will  leave  no  chance 
of  error,  and  will  be  less  difficult  than  in  allowing  it  to  pass  through  the 
polygon  or  surrey.  Howeyer,  each  method  will  be  given;  but  we  ought 
to  adopt  the  simplest  method,  although  it  may  inyoWe  a  few  more  figures, 
in  calculating  the  content.    For  the  first  method,  see  next  page. 
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Let  AB  {Fig.  Via)  be  a  Chain  Line,  G  D,  apart  of  which  passes  ikrough  a 

house,  to  find  C  B. 

221a.  Find  'where  the  line  meets  the  house  at  0 ;  oaose  a  pole  to  be 
held  perpendicularly  at  D,  on  the  line  A  B ;  make  D  e  =  C  f ;  then  Eaclid 
I,  34,  fe  =  CD. 

221b.  When  the  pole  cannot  be  seen  OTer  the  house,  measure  any  line, 
A  R,  and  mark  the  sides  of  the  building ;  if  produced,  meet  the  line  A  K, 
in  the  points  1  and  K.  Then  by  E.  YI,  4,  A  i :  G  1 ::  A  K  :  K  D.  K  D 
is  now  determined.  Let  G  i  be  produced  until  G  m  =  D  E.  Measure  m  E, 
which  will  be  the  length  required.    Distance  G  D. 

221c.  Or,  at  any  points,  A  and  G  on  the  line  A  B,  erect  the  perpen- 
diculara  A  O  and  G  H  equal  to  one  another,  and  produce  the  line  0  H  far 
enough  to  allow  perpendiculars  to  be  erected  at  the  points  L  and  M,  mak- 
ing LB=MN=AO=sHG.-.  the  line  B  N  will  be  in  the  continuation 
of  the  line  A  B ;  and  by  measuring  D  N  and  A  G,  and  taking  their  sum 
from  0  W,  the  difference  will  be  equal  to  G  D. 

222.  When  the  obstruction  is  a  riyer.  In  fig.  18,  take  the  interior 
angles  at  G  and  D ;  measure  G  D ;  then  sine  <  E :  G  D  : :  sine  <  D :  G  E. 
When  the  line  is  clear  of  obstructions  to  the  Tiew,  make  the  <^  D  equal  to 
half  the  complement  of  the  <  G.    Then  the  line  G  E  =  G  D. 

As,  for  example,  .when  the  <[  at  G  is  40°,  the  half  of  the  complement  is 
70°  =  angle  at  D  =  <  G  £  D ;  consequently  (E.  I,  6),  G  E  =  G  D.  In 
this  case  the  flagman  is  supposed  to  moTe  slowly  along  the  line  A  B,  until 
the  Burreyor  giTes  him  the  signal  to  halt  in  direction  of  the  line  D  E,  the 
sarreyor  haying  the  telescope  making  <[  G  I)  E  =  70°. 

228.  Or,  take  (fig.  19)  G  D  perpendicular  to  A  B.  If  possible,  let  G  D 
be  greater  than  G  E.  Take  the  <  at  D ;  then,  by  sec.  167,  G  D  X  tan. 
<  D  =  0  £.  Or  by  the  chain  only  (fig.  20),  erect  G  D  and  E  L  perpen- 
dicularly to  A  B  ;  make  G  F^FDand  EL  =  GD;  produce  E  F  to 
meet  B  L  in  Q ;  then  G  D  ==  G  E,  the  required  distance.  See  Euclid  I, 
prop.  16  and  26. 

224.  Let  A  G  (fig.  20a)  be  the  required  distance.  Measure  A  B  any 
conyenient  distance,  and  produce  A  B,  making  B  E  =  A  B ;  make  E  Q 
parallel  to  A  G ;  produce  G  B  to  intersect  the  line  E  G  in  F.  Then  it  is 
evident,  by  Euclid  YI,  4,  that  E  F  =  A  G  and  B  F  =  B  G. 

225.  Let  fig.  21  represent  the  obstruction  (being  a  riyer).  Measure 
any  line  A  B  =  o,  and  take  the  angles  H  A  G,  G  A  B,  and  A  B  G,  G  being 
a  station  on  the  opposite  shore.  Again,  at  G  take  the  <^  A  G  G  and  A  G  B, 
£  being  the  object.  Now,  by  haying  the  length  to  be  measured  from  G 
towards  G  =  C  £,  £  will  be  a  point  on  the  line  A  F. 

By  sec.  194  we  find  A  G,  and  haying  the  angles  £  A  G  and  A  G  E,  we 
find  (E.  I,  82)  the  <  A  E  G  ==  <  at  E.  Then  sine  <  E  :  A  G  ::  sine  < 
AC  E  :  A  E,  and  sine  <  E  :  A  G  ::  sine  <  G  A  E  :  G  E;  but  in  the  A 
C  D  £  we  have  the  <  at  D,  a  right  angle,  and  the  <  £  giyen,  .-.  the  < 
£  C  I>  may  be  found.  Now,  G  I)  being  given  =  to  the  cosine  of  the  •< 
£  G  D  =  sine  of  <  £  =  G  D,  we  have  found  A  E,  G  E,  and  the  perpen- 
^calar  G  D ;  consequently,  the  line  A  D  £  may  be  found,  and  oontinaed 
towards  H,  and  the  distances  a  H,  H  b,  and  b  D,  may  be  found.  P  £  =x 
w>B.  £ .  C  E. 
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226.  Let  the  line  A  F  (fig.  22)  be  obstructed  from  a  to  b.  ABsame  any 
point  D,  visible  from  A  and  C ;  measure  the  lines  A  D  and  D  C ;  take  the 
angles  A  C  D,  C  A  D,  A  D  C,  and  C  D  Y,  Y  being  a  sUtion  beyond  the 
required  line,  if  possible.  In  the  triangle  6  C  D  we  hare  one  side  C  D, 
and  two  angles,  C  B  D  and  C  D  B,  to  find  the  sides  C  B  and  D  B,  which 
may  be  found  by  sec.  194. 

227.  Or,  measure  any  line  A  D  (fig.  22) ;  take  the  angle  CAD,  and 
make  the  angle  A  D  G  =  180°  —  <  C  A  D ;  t.e.,  make  the  line  D  H  paral- 
lel to  A  C ;  take  two  points  in  the  line  A  H,  such  as  £  and  G,  so  that  the 
lines  E  B  and  G  F  shall  be  parallel  and  equal  to  A  D,  and  such  that  the 
line  E  B  will  not  cut  the  obstruction  a  b,  and  that  the  lines  G  F  parallel 
to  E  B  will  be  far  enough  asunder  from  it  to  allow  the  line  B  F  to  be 
accurately  produced. 

As  a  check  on  the  line  thus  produced,  take  the  angle  F  B  £,  which 
should  be  equal  to  the  angle  BED  =  <^CAD. 

228.  Let  the  obstruction  on  the  line  A  W  (fig.  23)  be  from  a  to  b,  and 
the  line  running  on  a  pier  or  any  strip  of  land.  At  the  point  C  measure 
the  line  C  D  =  800,  or  any  convenient  distance,  as  long  as  possible ;  make 
the  -<  A  C  D  =  any  <;,  as  140°,  and  the  interior  <  C  D  E  =  any  angle, 
as  130°;  measure  D  E  =  400 ;  make  the  <  D  E  Y  =  70°,  Y  being  some 
object  in  view  beyond  the  line,  if  possible. 

To  find  the  line  £  B,  and  the  perpendicular  £  H.  In  the  figure  C  B  £  D, 
we  have  the  interior  angles  B  C  D  =    40° 

C  D  E  =  130 
D  E  Y  =  D  £  B  =    70 

240° 
Let  the  interior  angle  C  B  £  =       x° 

Sum,  240°  +  x° 
To  which  add  four  right  angles,  860 

600°  +  x° 
Should  be,  by  E.  I,  32,  720 

That  is,  600°  +  x°  =  720°  .-.  x<»  =  120°  =  <  A  B  £ ;  therefore,  the 
angle  H  B  £  =  60°. 

By  £.  I,  16,  the  A  B  £  =  <  H  B  £  +  H  E  B,  but  the  angle  H  B  E  = 
60°  .-.  <  H  £  B  =  30°;  consequently,  the  interior  <  D  £  H  =  100°  = 
70°  +  80°. 
NoW)  we  have  the  interior  angles  H  C  D  =   40^,  bearing  N.  40°  £. 

C  D  £  =  180 

D£B=    70 

A  B  £  =  120 

D  £  H  =  100 

CHE=    90 
The  bearings  of  these  lines  are  found  by  sec.  218.    We  assume  the 
meridian  A  H,  making  A  the  south,  or  180°,  and  H  the  north,  or  0^,  and 
keeping  the  land  invariably  on  the  right  hand,  as  we  proceed,  to  find  the 
bearings. 

180  860 

120  60 

— — ^—  I         i 

60  800  =  N.  60°  £.  =  bearing  of  B  E,  per  quarter  oompass  table. 

(See  this  table,  Bee.  218.) 
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180 

860 

70 

110 

110 

190  = 

180 

190 

130 

60 

60 

140  = 

180 

140 

40 

140 

190  =  S.  10<»  E.  =  bearing  of  E  D. 


140  =  S.  40°  W.  =  bearing  of  D  C. 


140 


000  =  north  =  bearing  of  C  B  or  C  H. 


Now  we  hftTe,  by  reyerslng  these  bearings,  and  finding  the  northings 
and  southings  by  trayerse  table — 

One. 
CD 
DE 
EB 
BC 


ChaixM 

BearinfT. 

Northlni;;. 

Southinff. 

Eastlnfc. 

Westing. 

8,00 
4,00 

N.  40°  E. 

N.  10«W. 

S.  60°  W. 

South. 

6,1288  —  C  d 
8,9392  —  d  H 

X  — BH 

10,0676      X 

6,1428 

0,6946 
y  — BH 

10,0675 

10,0676      X 

6,1423 

0,6946  -[-  y 

But  as  the  eastings,  per  seo.  218a,  is  equal  to  the  westings,  y  =  6,1428  — 
0,6946  =  4,4477  =  E  H.  Also,  from  the  above,  the  <  H  E  B  =  30,  and 
the  <  B  H  E  =  90°  .-.we  have,  in  the  triangle  B  H  E,  given  the  angles, 
and  side  £  H,  to  find  E  B  and  B  H.  For  the  angle  B  £  H,  its  latitude  or 
cosine  =  0,866,  and  its  sine  or'  departure  =  0,600 ;  therefore  £  H  = 
4,4477.  divided  by  0,866,  gives  6,136  =  £  B,  and  5,136  X  0,600  = 
2,5680  =  B  H ;  and  by  taking  B  H  from  C  H,  f.e.,  10,0676  —  2,6680  = 
C  B  =  7,4995 ;  and  by  calling  the  distances  links,  we  have  C  B  =  749,96 
links,  and  £  B  =  618,6. 

HoU.  If,  instead  of  having  to  traverse  but  three  lines,  we  had  to  trav- 
erse any  number  of  lines,  the  line  £  H,  perpendicular  to  the  base  A  W, 
will  always  be  the  difference  of  departure,  or  of  the  eastings  and  westings, 
and  B  H  =  difference  of  latitudes,  or  of  the  northings  and  southings. 

229.  Chiun  A  C  (fig.  25),  and  at  the  distance  A  B,  chain  B  D  parallel 
to  A  C,  meeting  the  line  C  £  in  D ;   then,  by  E.  YI,  4,  and  V,  prop.  D, 


convertendo,   A  £  :  B  £ 
ABXBD 


B£  = 


A  C  —  B  D 


A  C  —  B  D:BD.-.  (£.  VI,  16) 
,  which  is  a  convenient  method. 

C 


Example.  Let  B  £  be  requir- 
ed. Let  A  C  =  5,  B  D  =:  4, 
and  A  B  =  2,  to  find  B  E.     By 

2X4 

the  last  formula,  B  E  = 

6  —  4 

=:  8  chains. 

230.  In  fig.  26,  the  line  0  L  is  supposed  to  pass  over  islands  surrounded 
by  rapids,  indicated  by  an  arrow.  The  lines  0  A,  OB,  and  E  F,  are 
measured.  From  the  point  B  erect  the  perpendicular  B  G,  and  take  a 
point  H,  from  which  flag-poles  can  be  seen  at  0,  A,  B,  C,  D,  E,  and  F. 
Take  the  angles  0  H  A,  A  H  B,  B  H  C,  D  H  B,  E  H  B,  F  H  B. 

The  tangents  of  these  angles  multiplied  by  B  H,  will  give  the  lines  B  A, 
OB   B  C    B  D,  B  E,  B  F,  and  B  L. 


r 
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H  B  is  made  perpendioular  to  0  L,  and  the  <  0  H  6  is  giyen  .-.  Uie 
angle  B  0  H  is  given,  whose  tangent,  multiplied  bj  O  B,  will  give  the 
distance  B  H ;  consequently,  B  H  multiplied  by  the  tangents  of  the  angles 
B  H  G,  B  H  D,  B  H  £,  etc.,  will  give  the  sides  B  C,  B  D,  B  £,  etc. 

281.  If  one  of  the  stations,  as  L,  be  inyisible  at  H,  from  L  ran  any 
straight  line,  intersecting  the  line  B  G  in  E ;  take  the  angle  B  R  L  and 
measure  H  K ;  then  we  haTC  the  side  B  E,  and  the  angle  B  K  L,  to  find 
B  L  in  the  right  angled  triangle  B  K  L. 

.-.  B  L  =  B  K  X  tan.  <  B  K  L. 

282.  But  if  the  line  B  G  cannot  be  made  perpendicular,  make  the  <[ 
0  B  G  any  angle ;  then  having  the  '.^  0  B  G,  we  have  the  <  L  B  K,  and 
having  observed  the  <  B  K  L,  and  measured  the  base  B  K,  we  find  the 
distance  B  L  by  sec.  181. 

In  this  case  we  have  assumed  that  B  K  could  be  measured ;  but  if  it 
cannot  be  measured,  take  the  <[  B  0  H  and  0  H  B ;  measure  0  B ;  then 
we  have  all  the  angles,  and  the  side  0  B  given  in  the  /^  0  H  B  to  find  B  H» 
which  can  be  found  by  sec.  181.  Having  B  H,  measure  the  remaining 
partHK. 

288.  Let  the  inaccessible  distance  A  B  (fig.  27)  be  on  the  opposite  side 
of  a  river.  Measure  the  base  G  D,  and  take  angles  to  A  and  B  from  the 
stations  0  and  D,  also  to  D  fh)m  G,  and  to  G  fh>m  D.  Let  s  ^  G  D,  a  = 
<ACB,  b  =  <BCI),  c=c<ADG,  d  =  <ADB,  e  =  <CAD, 
andf  =  <GBD. 

Sine  e  :  8  : :  sine  o  :  A  G. 

Sine  f :  B : :  sine  b  :  B  D. 

Sine  f :  8  : :  sine  (o  -f  d)  :  B  G. 
Now  having  A  G  and  B  G,  and  the  included  angle,  we  find  (sec.  140)  the 
required  line  A  B. 

284.  If  it  be  impracticable  to  measure  a  line  from  B  (fig.  26),  making 
any  angle  with  the  base  0  L,  in  order  to  find  the  inaccessible  distance 
B  G,  assume  any  point  H,  from  which  the  stations  A,  B  and  G  are  visible. 

Let  A  B  =s  g,  B  G  ==  X. 

<GAH^a»BAH.     <AHB  =  o. 

<ACH  =  b.  <GHB  =  d, 

Therefore,  <ABH==180  —  a  —  c. 

g    sine  a 

By  sec.  181,  sine  c  :  g  : :  sine  a  :  H  B  =  — ^ 

sine  c 

H  B  •  sine  d 


sine  b  :  H  B  : :  sine  d  :  z  = 

sine  b 

Substituting  the  value  of  H  3  in  the  last  equation,  we  have 

ff  •  sine  a  •  sine  d      _  _ 

x  =  5 =BC. 

sine  c  •  sine  b 

This  formula  can  be  used,  by  either  using  the  natural  or  logarithmic 
sines. 

Example,    Let  A  B  =  400  links  =  g, 
the  angle  A  H  B  ==  o  :=  60° 

B  A  H  =  a  =  80O 
.-.E.  I,82,ABH         =400 

C  H  B  =  d  «  lOo  .-.  <  A  H  C  =  70«. 
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180  —  (B  A  H  +  C  H  B  +  B  H  A)  =  180  —  (80  +  10  +  60)  =  30° 
=  A  C  H  =  b. 


Log.  g  =  log.  400  =  2,6020600 

Log.  sine  a  =  1^.  sine  80<»  =  9,9983615 


[>g.  400 
=  1^.  ail 
Log.  sine  d  =  log.  Bine  10«»  =  9,2396702 


Sum,    21,8350817 


Log.  Bine  c  =  log.  sine  60<»  =  9,9376306 
Log.  Bine  b  =  log.  sine  SO^'  =  9,6989700 


19,6365000 


2,1985811  =  157,98  =  B  =  x. 

And,  as  in  sec.  163,  we  haye  A  B  =  400,  and  B  G  =  x  =  157,98,  and 
the  included  angle  A  H  0,  the  lines  A  H  and  B  H  may  be  found. 

236.  Let  the  land  between  0  D  and  the  mer  be  wood  land  (see  fig.  28). 
Assume  any  two  random  lines,  traced  from  the  stations  A  and  B  through 
the  wood ;  let  these  lines  meet  at  the  point  C ;  trace  the  lines  C  E  and 
E  D  in  any  convenient  direction,  so  that  the  point  A  be  visible  from  £, 
and  the  point  B  visible  from  the  point  D ;  take  the  angles  A  E  0,  ACE, 
A  C  B,  B  C  B,  and  C  I)  B,  .*.  by  E.  I,  82,  the  angles  E  A  C  and  C  B  D 
can  be  found  ;  and  by  sec.  131,  the  sides  A  C  and  C  B  are  found;  and 
having  the  contained  angle  A  C  B,  we  find,  by  sec.  140,  the  side  A  B. 

Note.     Thu  ease  is  applieahh  to  hilly  countries. 

236.    The  line  A  B  may  be  found  as  follows:    In  direction  of  the  point 

B  (fig.  29)  run  the  random  line  P  B,  and  from  A  run  the  lines  A  D  and 

A  C  to  meet  the  line  P  B ;  measure  the  distance  D  G,  and  take  the  angles 

ADC  =  a,  ACB  =  c,  AGD=b;  letthe<GAD=d,  and<GAB 

=  e,  and  the  <[  A  B  D  =  f.    Now,  as  the  angles  d,  e  and  f  have  not 

been  taken,  we  find  them  as  follows :    The  angles  a  and  c  are  giyen  .  * .  by 

E.  1, 16,  <  c  =  <  a  -i-  <  d  .-.  <  d  =  <  c  —  <  a,  and  by  E.  1, 16,  we 

haTS  <;b  =  <e  +  <f,  and  180°  —  the  sum  of  the  angles  a,  d,  e  = 

<  f.    Now,  by  sec.  181,  sine  <  d  :  D  G  =  s  : :  Bine  <  a  :  A  C. 

8  *  Sine  ^^  a 

i  «.,  Bine  <  d  :  b  : :  sine  <  a  : =  A  G. 

^  ^         Bine  <  d 

B  •  sine  <*  a  B*Bine<'a*8ine<o 

Alsofflne<f : -:-  ::  8ine<o: -^ -^  =AB. 

sine  <]  d  sine  <  d .  sine  <  f 

237.    By  the  Chain  only.    Let  it  be  required  to  measure  the  distance 

A  B,  on  the  line  0  R  (fig.  80).    Measure  A  G  =  Q  E  any  convenient  dis- 

tanees,  50  or  100  links;    describe  the  equilateral  triangles  G  E  D  and 

AGO  equal  to  one  another ;  produce  Q  D  and  B  G  to  meet  one  another 

^  F ;  measure  B  F.     Now,  because  G  F  and  A  G  are  parallel  to  one 

Mother,  the  /N^  F  D  0  is  similar  or  equiangular  to  the  /\  B  A  G  (E.  VI,  4). 

FD  :  X>  C  ::  A  C  :  A  B,  but  A  G  =  G  D,  because  D  G  =  A  G. 

..  F  D  :  D  C  ::  D  G  :  A  B,  and  by  E.  VI,  16. 

Fl>XAB  =  I)Ga. 

.  ,^      BCa      AG"    , 

•  .  A  IS  =  -- —  =  --_-  which  is  a  convenient  formula. 
FD        FD 
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Example,     Let  A  G  =  100,  &nd  D  F  =  120 ; 

1000 

then  A  B  = =  83J  links. 

120  ' 

This  is  a  practical  method,  and  is  the  same  as  that^ven  by  Baker  in  | 

his  Sonreying,  London,  1850. 

238.  The  following  problem,  given  by  Galbraith  in  his  Mathematical! 
and  Astronomical  Tables,  pp.  47  and  48,  will  be  often  found  of  great  nsej 
in  trigonometrical  surreying  (see  fig.  81) : 

From  a  convenient  station  P  there  conld  be  seen  three  objects.  A,  B  andj 
G,  whose  distances  from  each  other  were  A  B  =  8  miles,  A  G  =  6  miles,; 
B  G  =  4  miles.  I  took  the  horizontal  angles  A  P  G  SS"*  Ab',  B  P  G  =j 
22®  80®.  It  is  hence  required  to  determine  the  respective  distances  of  my<] 
station  P  from  each  object. 

Because  equal  angles  stand  upon  equal  or  on  the  same  circumferences,)^ 
the  <  B  P  G  =  <  D  A  B,  and  <  A  P  G  =  <  A  B  D.  In  this  ease  the 
point  D  is  supposed  to  fall  in  the  original  /\  A  B  G.  From  this  the  con- 
struction  is  manifest. 

Make  the  <BAD  =  <ABDas  above ;  join  G  and  D,  and  prodoee 
it  indefinitely,  say  to  Q ;  about  the  ^^  A  D  B  describe  a  circle,  cutting  the 
line  G  Q  in  P ;  join  A  and  P,  and  B  and  P ;  then,  by  E.  Ill,  21,  the  < 
GPB  =  <DAB,  and<APD  =  <ABD.  In  this  case,  the  < 
G  P  B  is  assumed  less  than  the  <[  G  A  B,  and  the  <  A  P  B  less  than 
A  B  G.  Now  having  the  three  sides  of  the  /\  A  B  G  by  sec.  142,  we  find 
the  angles  A,  G  and  B  of  the  ^  A  B  G ;  consequently  the  <[  G  A  D  is 
found ;  also  the  <  G  B  D,  because,  by  observation,  the<BPG=BAD, 
and  <  A  T  G  =  A  B  G.  In  the  ^  A  D  B  are  given  the  side  A  B  anj  the! 
angles  D  A  B  and  D  B  A,  to  find  the  sides  A  D  and  B  D  and  <  A  D  B,  all 
of  which  can  be  found  by  sec.  131.  Now  having  the  sides  A  D  and  A  C, 
and  the  contained  angle  B  A  D,  we  find  (sec.  140)  the  <^  A  G  B  and  the 
side  D  G  ;  and  having  the  angles  AGP  and  A  T  G  given,  we  find  the  <^ 
GAP;  but  above  we  have  found  the  <  G  A  B  .-.  the  <  G  A  P  —  < 
GAB  =  <BAP.  In  like  manner  we  find  the  <  A  B  P  ;  and  by  sec 
130,  and  £.  I,  82,  we  find  the  distances  A  P  and  B  P.  In  like  manner 
we  proceed  to  find  G  P. 

COMPUTATION. 

A  G  =  6  miles  =  b,  and  A  P  G  =  88°  45'. 
G  B  =  4  =  a,  and  G  P  B  =  22®  30'. 
B  A  =  8  miles  :=  c. 

(g_b).(S  — c)} 

By  sec.  125,  sine  }  <  A  =  C -^-^ ^) 

Here  s  =  9  miles. 
b  =  6. 

B  —  b  =  3. 

8  —  0  =  9  —  8  =  1. 
(a  _  b) .  (s  —  c)  =  3  X  1  =  8. 
And  bc  =  6X8  =  48;  consequently  the  value  of  half  the  angle  A  = 

(£)*  =  -Ji-  =  -,  but  J  =  ,25  =  sine  14®  28^  89'';  therefore 
48  '16      4 

<  B  A  G  =  28®  57'  18". 
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By  sec.  126,  we  find  <  A  B  C 

ud  by  sec.  127,  <  A  C  B 

Kow  we  hafc  the  <  C  A  B  = 

and  by  obserYation,  the  <<  D  A  B  = 

.-.  the  <  C  A  D  = 

fiy  obserration,  we  haye  the  <[  D  A  B  = 

The  <  D  B  A  = 

Their  sum  = 

.-.  18Q«  —  560  15^  =  <  A  D  B  =  123°  45^  00^^ 

And  as  the  <  C  A  D  =  6°  27^  IS^^j  this  taken  from  180,  leaves  the  < 

ADC  +  <ACD  =  273°  32^  42^/ 

and  half  the  sum  of  these  =    86°  46^  21>'^ 

By  sec.  131.    As  sine  A  D  B  123°  45^  (arith.  complement)    =  0,0801636 

is  to  the  Bide  A  B  8  miles,  log.       0,9030900 

80  is  the  sine  of  the  <  A  B  D  =  83°  46'  log.  sine 


=   46°34'03'' 

=  104°  28'  39'' 

=    28°  57' 18" 

=    22°  30'  00"  =  <13  P  B. 

=      6°  27'  18" 

22°  30'  00" 

83°  46'  00" 

56°  16'  00" 


to  A  D  =:  5,84548. 

A  C  =s  6,  by  hypothesis. 
As  the  sum  =  11,84643 
is  to  the  difference  0,65467, 
sois  Un.  }  «  A  B  C  +  <  A  C  D)  = 

86°46'21" 

to  the  tan.  of  half  the  difference  of  the 

angles  ADC  and  A  C  D. 
.-.  by  sec.  140,  the  <  A  C  P  =    41°  07'  03" 


9,7447390 


Sum   0,7279826 


log.  1,0548110 
1,8159561 

tan.  11,2487967 

16,0099818  =  46°  89'  18" 


tnd  the  <  A  D  C 
A8  8me<APC38°46' 
Is  to  A  C  =  6  miles, 
iois<ACP  =  41°7' 

to  the  disUnce  A  P  7,10195. 
Kow  we  have  the  <  A  C  B 
The  <  A  P  C 
Their  sum 


=  132°  25'  39°' 

arith.  comp.  0,2562610 
log,  0,9781513 
sine  9,8179654 


log.  0,8618777 

=    41°  07' 03" 

=    88°  45' 00" 

=    74°  62' 08" 
180°  —  74°  52'  3'''  =  P  A  C  =  105°  07'  57" 
By  sec.  181,  sine  <  A  C  P  =  41°  7'  3" 
j«  to  P  A  =  7,10195, 
■0  is  sine  <  P  A  C  =  105°  7'  56" 

to  the  side  P  C  =  10,42528 
We  have  found  the  <  A  B  C  =  46°  84'  08" 

<  B  A  C  =  28°  57'  IS'^' 
Their  sum  =  76°  81'  21",  which  taken  from  180,  gives 

the  <  A  C  B  ^  104°  28'  89". 


arith.  comp.  0,1820346 
log.  0,8513777 
sine  9,9846784 

log.  1,0180857 


=  41°  07'  08" 
=  63°  21'  86" 
=  22°  80'  00" 
=  94°  09'  24" 


Bat  the  <  A  G  B  has  been  found 

.•.the<BCP 

•nd  by  hypothesis  <  C  P  B 

the  sum  of  the  two  last  angles 

.•-  the  sine  of  <  C  P  B  ==  (22°  30'0  arith.  comp.  =  0,4171603 

is  to  B  C,  4  mnes,  log.  =  0,6020600 

BO  b  sine  <  B  C  P  (63°  21'  86"  sine       9,9512606 

to  P  B,  9,342879  miles.  log.       0,9704808 

Qalhraith  finds  9,842850  mUeB  by  a  different  method  of  calculation. 
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239.  Second  due.  Let  as  assume  the  three  stations,  A,  B,  W,  to  be  on 
the  same  straight,  and  the  angles  A  P  W  and  W  P  B  to  be  ^ven  (see  fig. 
81),  as  in  the  last  example.  We  find  the  sides  A  ]>  and  D  B.  And  haring 
the  sides  A*D  and  A  W,  and  the  contained  angle,  we  find  the  <^  A  D  P  = 

<  A  D  W,  and  the  <  A  P  D  is  given  by  hypothesis  .-.  by  B.  I,  32,  we 
find  the  <^  D  A  P,  and  all  the  angles,  and  the  side  A  D  being  given,  in  the 
^  A  D  P  we  can  find,  by  sec.  181,  the  sides  A  P  and  P  W.  In  like  manner 
we  find  the  side  P  B. 

240.  Third  Cme.  Let  ns  assume  the  station  P  to  be  within  the  ^ 
ABC,  fig.  82.     The  <^  A  B  D  is  made  equal  to  the  supplement  of  the 

<  A  P  C,  and  the  <  B  A  D  =  the  supplement  of  the  <  B^  C  .*.  as 
above,  we  find  the  sides  A  D  and  B  D,  and  having  the  sides  A  B,  B  C,  and 
A  G,  we  find  the  angles  BAG  and  ABC;  consequently,  we  have  the  •< 
DAG.  And  by  sec.  140,  we  find  the  angles  ADC  and  A  G  D,  and  the 
<[  A  P  G  being  given  by  hypothesis,  .-.  the  <  G  A  P  is  found ;  and  by 
sec.  180,  we  find  the  sides  P  A  and  PC.  Li  like  manner  we  find  the  side 
PB. 

Note,  When  the  sum  of  the  two  angles  at  P  is  180^,*  the  point  P  is  on 
the  same  straight  line  connecting  the  stations  A,  B  and  C.  And  when  the 
sum  is  less  than  180^,  the  point  P  is  without  the  /^  A  B  G.     When  the 

sum  is  greater  than  IW*,  the  point  P  is  within  the  A  A  B  G. 

• 

241.  In  fig.  83,  the  sum  of  the  angle  B  P  G  is  supposed  =  to  the  sum 
of  the  angles  C  A  B  -f  C  B  A,  making  the  <  C  A  B  =  G  P  B,  and  the 
<[GBAs=3APC;  consequently,  the  point  P  is  in  the  circumference  of 
the  circumscribing  circle  about  ^  A  B  C  .* .  the  point  P  can  be  assumed 
at  any  point  of  the  circumference  of  the  segment  A  P  B,  and  consequently, 
the  problem  is  indeterminate.  * 

242.  The  following  equaUon,  given  by  Lacroiz  in  his  Trigonometry, 
and  generally  quoted  by  subsequent  writers  on  trigonometry,  enables  ua 
to  find  the  angles  PAG  and  P  B  G,  and,  consequently,  the  sides  A  P, 
G  P,  and  B  P.     Let  P  =  <  A  P  G. 

Leta  =  AG.  P^=<BPG. 

b  =  B  C.  R  =  800O  —  P  —  p/  —  c. 

X  =  <  P  A  G. 

y  =  <  p  B  G. 

c  =  <  A  G  B. 

a  •  sine  P^ 

X  =  cot.  R  ( +  1) 

b  •  sine  P  •  cos.  R 

a 
248.    X  SB  ~  (sine  P^  •  cosec.  P  •  sec.  R  •  cot.  R  4-  cot  R) 
b^ 

In  the  problem  now  discussed,  we  have 
a  =  «,  andB    ==    88<>  46' 00^' 
b  =  4,  and  P'  =   22°  80'  00'' 
by  sec.  288,  104°  28' 39"  =  <  A  G  B. 

Sum,       160<>  43'  89" 
860<> 

R  =  199°  16'  21" 

a      6      3 
By  sec.  242,-  =  -  =  - 


\ 
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a  •  sine  P^ 

From  the  eqnatioii  cot.  x  =  cot.  R  ( —  +  1)   (see  sec. 

b  •  sine  P  •  cos.  B 

242),  we  haTO— 

3  log.  =  0,4771212 

2  ar.  comp.  =  9,6989700 

p/  =  22°  3^  sine  =  9,5828397 

P  =  33®  46^  ar.  comp.  sine  =  0,2552610 

R  =  199«  16"  21"''  neg.  ar.  comp.  cos.  =  0,0250452 


—  1,09468  log.  =  0,0392371 

0,09458  log.  =    2,9767993 

Cot.  R  =  +  199<>  16"  21""  =  10,4563594 


Cot.  X,  (—  1050  8"  10"")                       =  9,4321587 

By  sec.  181,  as  sine  33<*  46"  '          ar.  comp.  =  0,2662610 

is  to  Bine  <  P  A  C,  (106°  8"  10"")    log.  sine  =  9,9846660 

so  is  6                                                          log.  =  0,7781513 

to  P  C  =  10,4261  log.  =    1,0180783 

By  sec.  241,  R  —  x  =  y  =  199°  16"  21""  —  105°  8"  10""  =  94°  8"  11"". 

By  sec.  181,  we  can  find  the  lines  A  P  and  P  C. 

NoU.  —  0,09458  X  by  +  199°  16"  21",  gives  a  negative  product;  .-. 
the  eot.  is  negative,  and  the  arc  is  to  be  taken  from  180,  by  sec.  108a. 

BBDUCTION   TO   THB  CENTBE. 

244.  It  freqaently  happens  in  extensive  surveys  that  we  take  angles 
to  spires  of  churches,  corners  of  permanent  buildings,  etc.  From  such 
points,  angles  cannot  be  taken  to  those  stations  from  which  angles  were 
observed.  Let  C  (fig.  34)  be  the  spire  of  a  church.  Take  aiiy  station  D, 
as  near  as  possible  to  observed  station  C,  from  which  take  the  <[  C  D  B 
=  D.  Let  log.  sine  1""  =  4,6865749 ;  let  <  C  D  A  =  a,  A  D  B  =  b, 
and  the  distance  C  D  =  g,  and  <  A  C  B  =  x ; 

g  sine  (b  -{-  &)  S  *  ^^^®  ^ 

then  X  =  b  H 

^   B  C  •  sine  1""        AC*  sine  1"" 

Great  care  is  required  in  taking  out  the  sine  of  the  sine  of  the  angles 

g  •  sine  (b  -|-  a) 

(a  4-  b),  and  sine  of  a.    The  first  term, ,  will  be  positive 

B  C  •  sine  1""  • 

when  (a  4-  b)  is  less  than  180°,  and  the  sine  of  a  will  be  negative. 

246.  Let  A  be  a  station  in  a  ravine,  from  which  it  is  required  to  de- 
termine the  horizontal ;  distance  A  H  the  height  of  the  points  D  and  C 
above  the  horizontal  line  A  H  (fig.  36). 

Trace  a  line  up  the  hill  in  the  plane  of  A  D  H,  making  A  B  =  g  feet 
=  600;  take  the  angles  C  A  H  =  3°  10",  <  D  A  H  =  6°  20". 
Therefore       <CAD=    2°  10" 
<OAB  =  <EBA=2°7" 
and  <CBE=   1°    7" 

<AHC  =  90°    0" 

<  A  C  H  =  86°  60" 

<  A  D  C  =  84°  40" 

In  the  triangle  A  B  G  are  given  A  B  =  600. 

The<ABC  =  <EBA  +  CBE  =     3°  14" 

The<BAC  =  180°  —  CAH  —  BAG  =  174°  48" 
CoMsqnently,  <  A  C  B  =     2°    8" 

9 
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By  seo.  181,  the  sides  A  C  and  B  G  may  be  fonnd. 
And  A  C  •  COS.  C  A  H  =  A  H. 
And  A  C  •  sine  C  A  H  =  H  C. 

And  H  A  •  tan.  G  A  H  =  H  D.  And  by  taking  the  <  G  B  D,  and  multi- 
plying its  tangent  by  the  line  B  G,  we  find  the  line  D  G,  which  added  to 
H  G,  wUl  give  the  line  H  D. 

Othertme, 


Vfe  haye  the  angles  D  A  G,  G  A  H,  and  angle  at  H  a  right  angle. 

180  —  90  —  <CAH«=<AGH  =  86°50'  =  <ADG  +  <GAD. 
But  <  G  A  D  being  2«  10^  .-.  <  A  D  G  =  84®  40^,  and  <  G  A  D  = 
2®  lO'^,  and  the  side  A  G  may  be  found;  and  by  sec.  181 ,  G  D  can  be 
found. 

arith.  comp.  =  1»4464614 
log.  =  2,7781518 


As  sine  2o  3^  «  B  G  A) 

is  to  A  B  (600), 

so  is  sine  3«  14^  «  A  B  G) 

to  A  G  =  946,04, 

Sine  8"  10'  «  G  A  H) 
G  H  62,26 

Also  log.  A  G 

Gosine  «  G  A  H  =  8«  10') 

A  H  =  944,597 

Tangent  «  H  A  B  =  5«>  20') 

H  D  =  88,182 

G  H  =  62,26. 

.-.GD  =  85,922. 
Or,  G  D  may  be  fonnd  as  follows : 
As  sine  (A  D  G  =  84«  40')  arith.  comp.       0,0018842 

is  to  the  log.  A  G  from  above,  2,9759100 

so  is  sine  «  D  A  G  =  2o  10')  sine       8,5775660 

to  G  D  »=  85,922  log.       1,5553602 


log.  sine  =  8,7512973 

log,  =2,9769100 
=  8,7422686 

log.  =  1,7181686 

=  2,9759100 
=  9,9998864 

log.  =  2,9962464 
=  8,9701850 

log.  ==  1,9458814 
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246.  When  the  line  A  B  is  in  the  same  horizontal  plane  (fig.  87),  re- 
quired the  height  B  G. 

AB-tan.  <GAB=BG. 

247.  Let  the  point  B  be  inaccessible  (see  fig.  87a).  Measure  A  D  =» 
m  in  the  direction  of  B;  Uke  the  <  G  A  B  =  f,  and  G  D  B  =  g;  then, 
by  E.  I,  16,  A  G  D  =  g  —  f  =  h;  and,  by  E.  I,  32,  <  B  G  D  =  90*  — 

g  =  k. 

m  •  sine  f 
By  SCO.  181,  G  D  = 


BG  = 
DB  = 


sine  h 
m  •  sine  f «  sine  g 

sine  h 
m  •  sine  f  •  cos.  g 

sineh 
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248.    Let  tlie  inaccessible  object  C  E  be  on  the  top  of  a  bill,  whose 
height  abore  the  horizontal  plane  is  required  (fig.  88). 
is  in  aeo.  246,  let  <  C  A  B  =  f  =  44«»  00^ 

<CDB=g  ==67»60^ 

and  E.  1, 16,  <  A  C  D  =  g  —  f  =  h  =  28o  60^ 

<  E  D  B  =  k  =  61<»  00^ 

<  B  C  D  =  p  =  22°  10^ 

And  the  horixontal  distance  A  D  =  m  =  184  yards. 

«  ^.«      ^      m»8inef 

By  sec.  246,  G  D  = 


BC=: 


sine  h 
m  •  sine  f  •  sine  g 

sineh 


_         m  •  sine  f  •  cos.  e 

B  D  = ; 5  =  B  C  .  tan.  <  B  C  D. 

^ine  n 

And  by  substituting  the  yalne  of  B  0,  we  have— 

m  •  sine  f  •  sine  g  •  tan.  p 


BD«: 
B£=r 


sine  h 
m .  sine  f  •  cos.  g  •  tan.  k 

sine  h 


log. 

2,1271048 

log.  sine 

9,8417713 

log.  sine 

9,9666588 

cosec.  (ar.  comp. 

0,8986853 

log. 

2,8290649 

tan. 

9,6100859 

tan. 

10,0916808 

log. 

2,0807814 

^      _        m  •  sine  f  •  sine  tt  •  tan.  p  •  tan.  k 

*or,BE  = .    Now  having  B  C  and  B  E 

sine  h 

given,  their  difference,  0  E,  may  be  found. 

m  =  134  yards, 
f=44«;00^ 
g=  670  60^ 
h  =  23<»  60^ 

B  C  =  218,86  yards 
<BCD  =  p  =22^10^ 
<BDB  =  k  =  510  00'' 

B  E  =  107,88  yards 
B  0  =  213,36. 
.• .  C  £  =  106,08  =  height  required  over  the  top  of  the  hilL 

JSfoU,  I  have  used  the  formula  or  value  of  B  E,  marked  *,  which  is 
very  convenient  The  data  of  this  problem  is  from  Keith's  Trigonometry, 
chap,  til,  example  87. 

249.  Let  B  G  be  the  height  required,  situated  on  sloping  ground  A  B 
(see  fig.  89).  At  A  and  D  take  the  vertical  angles  G  A  F  =  a,  equal  the 
imgle  above  the  horizontal  line  A  F. 

<CAB  =  f. 

<CDB  =  k. 

<ACD  =  li  =  <BDC  —  CAB. 

<ACB=i  =  90*  — <CAF. 

<PAB=b. 

<  A  D  =  m,  and  I)  B  =  n, .'.  A  B  =  m -f  n. 

B  P  =  (m  -j-  n)  •  sine  b. 

A  F  =s  (m  ^  n)  •  cos.  b. 

C  F  =s  (m  -f  n)  •  cos.  b  •  tan.  a. 
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Second  Method. 

250.  Measure  on  the  slope  A  B  the  distance  A  B  =  m ;  take  the    " 
C  A  B  =  f,  and  the  vertical  angles  E  D  B  =  p  and  <  C  D  E  =  q. 

m  •  sine  f 

CD=      .      ■ 

Sine  h 

m .  sine  f  •  cos.  q 

CE  =  — ^ 

sine  h 

m  •  sine  f  •  cos.  q 

sfne  h 

m  •  sine  f  •  cos.  q  •  tan.  p 

BE= ^= =- 

sine  h 

Consequently  CE  —  BE  =  CB. 
In  this  case  the  distance  B  D  is  assnmed  inaccessible. 

Third  Method, 

m  •  sine  f 

251.  Hating  foond  C  D  = ' — ,  we  measure  on  the  continuation 

Bine  h 

of  the  slope  D  B  ^=  n,  making  the  •<  £  D  B  =  as  above  =  p,  and  the 
<  E  D  C  =  q.     We  find  B  E  =  n  •  sine  b. 

m  •  sine  f  •  sine  q 

CE  = .  ■ 

sine  h 

m  •  sine  f  •  sine  q 
.• .  B  C  = n  •  sine  b. 

sine  h 

252.  Let  the  land,  from  A  towards  B,  be  too  uneyen  and  impracticable 
to  produce  the  line  B  A  (see  fig.  89). 

Measure  any  line,  as  A  G  =  m ;  take  the  horizontal  •<  G  G  A  =  a. 

<  C  A  G  =  b. 
Then  180»  —  a  —  b  =  x  =<ACG=o. 

Let  the  vertical  angle  C  A  F  =  o. 

<  C  A  B  =  f . 

<  B  A  F  —  1. 

m  •  sine  a 

By  sec.  181,  A  C  = 

sine  c 

m  •  sine  a  •  sine  o 

CF  = 

sine  c 

m  •  sine  a  •  cos.  o  •  tan.  b 


1 


BF  = 

sine  0 

Consequently,  CF  —  BF  =  BC=the  required  height. 
EzampU.     Let  <  a  =  64®  30'  <  o  =  b9f 

<  b  =  72°  10'  <  1  =  330  • 

<;  c  =  43°  20'  m  =  52  yards,  to  find  C  B, 

m  •  sine  a  «  sine  o 


JLU  UUU  \J   K  ,         TTO  UttVi;  I 

rOUl   LUIB  lU  UUIV  \j 

sine  c 

m  =  62  yards, 

log. 

1,71600 

a  —  64?  80' 

log.  sine 

9,95649 

0  —  58°  00' 

sine 

9,92842 

c  —  43°  20' 

ar.  comp. 

0,16362 

C  F  —  58,1 

'     log. 

1,76343 

To  find  the  height  B  F.    We  find  the  valae  of  B  F  by  the  last  equation 
of  this  article. 
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m=  1,71600 

<a  sine       9,95549 

<o  cosine       9,72421 

<c  ar.  comp.       0,16352 

<  1  ton.  =  9,81252 

B  P  =  23,586,  log.  =  1,36174 
.-.  58  —  23,536  =  34,464  yards  =  B  C. 

253.  At  sea,  at  the  distonce  of  20  miles  from  a  ligbthoase,  the  top  of 
which  appeared  aboTO  the  horizon ;  height  of  the  obseryer's  eye  above 
the  sea,  16  feet.  Required,  the  height  of  the  lighthouse  above  the  level 
of  the  sea.     Here  16  feet  =  0,003  miles. 

Assuming  the  ciroumference  of  the  earth  25020  miles,  and  lb  semi- 
diameter  2982  miles. 

As  417  :  120  : :  20  miles  :  0<>  17^^  16^^  nearly  =  <  B  C  D. 
And  because  the  angle  at  D  is  right  angled, 
90  —  O*  17'  16^^  =  890  42'  44''  =  <  C  B  D. 
.:.  by  sec.  181,  as  sine  <B  :  C  D  : :  rad-.  :  B  C. 

=  3982,003  =  C  D,  •  log.  =    3,6001013 

rad.  =  10 


89<>  42'  44" 


18,6001018 

log.  sine  — 

9,9999945 

3,6001068 

BC  — 

3982,05 

AC  — 

3982 

AB  = 

,05  miles. 

5280 

A  B  =  264  feet,  26400 

By  sec  107,  <  C  D  •  seo.  <  B  C  D  =  B  C.  But  as  the  secant  in  small 
angles  change^with  little  differences,  it  would  be  unsafe  to  use  it.  In  this 
example,  <  B  C  D  =  0°  17'  16",  the  secants  17'  and  18'  show  no  differ- 
ence for  1'. 

254.  When  the  altitude  is  45^,  the  error  will  be  the  least  possible ;  in 
which  case  1'  would  make  an  error  of  ^  part  of  the  altitude ;  and  gener- 
ally the  error  in  altitude  is  to  the  error  committed  in  taking  the  altitude, 
as  double  the  height  is  to  double  the  observed  angle. — Keith* i  Trigowmttry^ 
c^j>.  m.,  example  xxix, 

TRAVERSE  STJRVETINO. 

■ 

255.  Let  the  figure  A,  B,  C,  D,  E,  F  and  Q  (see  fig.  17(f)  be  the  poly- 
gon.  This  is  the  same  figure  given  by  Gibson  on  plate  9,  fig.  3.    Let  S  N 
be  a  meri^an  assumed  west  of  the  polygon ;  let  A  W  =  meridian  distance 
of  the  point  A  from  the  assumed  meridian ;  then  M  B  =  mer.  dist.  of  the 
point  B,  N  C  =  mer.  dist.  of  point  C,  D  Z  =  mer.  dist.  of  point  D,  T  B 
=  mer.  dLst.  of  E,  Q  F  =  mer.  dist.  of  the  point  F,  and  G  S*  =  mer.  dist. 
»f  0.    Let  Y  I  =  mer.  dist.  to  middle  of,A  B,  0  K  =  mer.  dist.  to  the 
middle  of  B  C,  L  L*  =  mer.  dist  to  middle  of  C  D,  X  M  =  mer.  dist.  to 
B»(idle  of  D  £,  R  R2  =  mer.  dist  to  middle  of  £  F,  P  a  =  mer.  dist.  to 
niddle  of  F  G. 


KorthAt«a. 

Soath  Area. 

WM.YI 

MN-OK 

• 

N  Z  •  L  Li 

ZT-M  X 

T  Q  •  E  Ri 
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It  also  appears  that  W  M  =  northing  of  A  B,  M  N  =  the  northing  of 
B  C,  N  Z  =  sotrthing  of  C  D,  Z  T  =  southing  of  D  E,  Q  F  =  sonthing  of 
£  F,  and  Q  S^  ==  the  northing  of  F  G. 

By  the  method  of  finding  the  areas  of  the  trapezioms  (seo.  24),  we 
have  as  follows : 

W  M  .  Y I  =  area  of  A  B  M  W  = 

M  N  .  OK  =  area  of  B  C  N  M  = 

N  Z  .  I/L^  =  area  of  C  D  Z  N  = 

Z  T  .  M  X  =  area  of  D  E  T  Z  = 

TQ.RRi=areaof  EFQT  = 

Q  81  •  P  a  =  area  ofFGSQ=  QS^Pa 

Hence  appears  the  following  role,  which  is  substantially  the  same  as 
Gibson's  Theorem  III,  section  t: 

256.  Rule.  Multiply  the  meridian  distance  taken  in  the  middle  of 
eyery  stationary  or  chain  line  by  the  particular  northing  or  southing  of 
that  line. 

Put  the  product  of  southings  in  the  column  of  south  areas,  and  the 
product  of  northings  in  the  column  of  north  areas.  The  difference  of  the 
area  columns  will  be  the  required  area  of  the  polygon ;  to  which  add  the 
offsets,  and  from  the  sum  take  the  inlets.  The  remainder  will  be  the 
area  of  the  tract  which  has  been  surveyed. 


To  Find  (he  Nimbert  far  Column  B,  eniUUd  Meridian  Ditiance. 

257.  Let  A  W  (fig.  17d)  represent  the  first  number — ^riz.,  61,54  chains, 
and  N  Q  the  first  meridian  line ;  and  since  the  map  is  on  the  east  side  of 
this  meridian,  all  those  lines  that  have  east  departure  will  lie  farther  fVom 
the  first  meridian  than  those  that  have  west  departure ;  therefore,  know- 
ing the  length  of  the  line  A  W,  the  length  of  the  other  lines,  I  T,  B  M, 
etc.,  may  be  found  by  adding  the  eastings  and  subtracting  the  westings. 

The  first  meridian  is  supposed  to  be  the  length  of  the  whole  departure, 
or  the  entire  ^ting  or  westiog  from  the  first  station ;  for  should  the  first 
station  be  at  the  eastermost  point  of  the  land,  the  first  meridian  will  then 
pass  through  the  most  westerly  point,  and  the  map  will  entirely  be  on  the 
east  of  the  first  meridian. 

But  if  the  meridian  distance  be  assu&ed  less  than  the  whole  easting  or 
westing  from  the  most  easterly  point  of  the  land,  then  it  is  plain  that  the 
first  meridian  will  pass  through  the  polygon  or  map,  and  that  part  of  the 
land  will  be  east  and  part  west  of  that  meridian.  In  this  case,  in  that 
part  which  would  be  east  of  the  meridian,  we  would  add  the  eastings  and 
subtract  the  westings ;  but  in  that  part  west  of  the  meridian,  we  would 
add  the  westings  and  subtract  the  eastings. 

In  method  1,  the  sum  of  all  the  east  departures  is  assumed  as  the  first 
meridian  distance. 

In  method  2,  the  first  meridian  is  made  to  pass  through  the  most 
westerly  station. 

In  method  3,  the  first  meridian  is  made  to  pass  through  the  most  nor- 
therly station  of  the  polygon,  as  station  E  (see  fig.  175). 
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258.    Mbthod  I. — Commencing  Column  B  with  the  Sum  of  all  the  East 
'  Departures  (see  fig.  176). 


BMllDg. 

mat 

Ch^BA. 

Korth. 

2948 

H.«F£. 

8,00 

K.10°W. 

9,00 

K-BO^E. 

12,00 

S.aOPE. 

10,00 

Booth. 

17,00 

Eut 

11,00 

8.ao°£. 

20,00 

J8.  eiFW. 

21,00 

K.SOPW, 

17,694 

x.l&t. 


29,178 
6,128 
8,868 
7,714 


9.  lat. 


B.  dep. 


8,661 
17.001 

EMt 
18,794 
10,800 


a,078 


0,0000 
5,1428 

9,1925 
5,0000 

11,0000 
6,8404 


W.  dep. 


1,6629 


A  or  lat, 
and  i  dep. 


37,1752 


N.  29,178 
0,000 


Bor 
mer.dis. 


N.  Area. 


37,1752   E. 
87,1752   E. 


N.  6,128 
E.  2,57115 


89,74685  £. 
42,8175  £. 


18,1866 
17,4257 


K.  8,863 
W.  0,78145 


N.  7,n4 


S.  8,661 
E.  2,6000 


41,53605  £ 
40,7546  E. 


45,85085  E. 


E.    4,5962549,9471   E. 


1084,6979 


248,5669 


868,1886 


849,8876 


S.  Area. 


52,4471   E 
54,9471   E. 


S.  17,001 
0,0000 


0,0000 
£.   5,5000 


54,9471   E 
64,9471   E, 


60,4471   E. 
65,9471   E 


S.  18,794 
E.    8,4202 


S.  10,500 
W.  9,0933 


454,2446 


9640656 


69,8678  E. 
72,7875  E. 


68,6942   £. 
54,6009   E 


N.  8,078    k5,888     E. 
W,  8,7128587,1752  E. 


141,0188 


1808,6890 


668,7891 


2187,2488 


In  column  A,  the  top  line  of  each 
pair  is  the  north  or  south  latitude, 
and  the  under  number  is  half  the 
corresponding  departure. 

In  column  B,  the  sum  of  all  the 
east  departures  is  assumed  as  the 
first  meridian  distance,  thus  making 
the  first  meridian  to  be  west  of  the 
most  westerly  station. 

The  meridian  distance  is  found  by 
adding  half  the  eastings  twice,  and 
sobtraeting  half  the  westings  twice. 
These  giYe  the  meridian  distances  at 
half  the  lines. 

BxampU.  The  first  line  is  N.  lat. 
29,178,  and  departure  =  0,  .-.  0 
added  to  37,162  gites  the  meridian  distance  =  87,152,  and  87,162  +  0 
=  87,152  =  lower  number  of  the  first  pair  in  column  B.  The  next  half 
departure  is  =  6,57116  east,  .-.  2,67116  -f-  87,162  =  meridian  distance 
=  89,7468 ;  add  2,67118  to  39,7468  ;  it  will  give  the  under  line  of  second 
pair  =  42,8176.  From  42,8176  take  half  the  next  departure,  0,78145, 
and  it  giyes  meridian  distance  =  41,63606,  etc.,  always  adding  the  east- 
ings and  subtracting  the  westings. 

The  product 'of  the  upper  numbers  in  columns  A  and  B  will  give  the 
areas.  If  the  upper  number  in  column  A  is  north  latitude,  the  product 
ifl  put  under  the  heading,  north  area ;  but  if  the  upper  number  in  column 
A  be  south  latitude,  then  the  product  is  put  under  the  heading,  south 


3360.8780 
2187,2488 

1173,6292 


Area  =  117  {^^  acres. 


Hating  found  the  last  number  in  column  B  to  agree  with  the  first 
meridian  distance  at  top,  is  a  proof  that  the  calcidation  is  correct. 

The  difference  between  the  north  area  and  south  area  columns  deter- 
Buae  the  area  of  the  given  polygon  in  square  chains. 

The  area  could  be  found  in  like  manner  by  assuming  the  principal 
meridian  east  of  the  polygon,  and  adding  the  wettings,  or  vest  dqfKtrtures, 
and  subtracting  the  eastings,  or  east  departures. 
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269.     MsTHOD  II. — The  First  Meridian  paaeet  through  the  Motl  Westerly 

Station  (see  fig.  176). 


Bearing. 

Dist 

N.Ut 

3.  Ut 

E.  dep. 

North. 

29,178 

29,178 

0,0000 

N.40°B. 

8,00 

6,128 

5,1428 

TH.KPW. 

9,00 

8,863 

N.60°E. 

12,00 

7,714 

9,1925 

s.aooE. 

10,00 

8,661 

5,0000 

South. 

17,00 

17,001 

0,0000 

East 

11,00 

East. 

11,0000 

S.20^E. 

ao,oo 

18,794 

6,8404 

B.expw, 

21,00 

10,600 

N.80OW. 

17,694 

8,0780 

W.dep. 


1,6629 


18,1866 
17,4257 


In  this  example  we  take  the  cor- 
rected distancea  and  correct  balance 
sheet ;  that  is,  the  numbers  are  such 
as  to  giTC  the  northings  equal  to  the 
southings,  and  the  eastings  equal  to 
the  westings  (see  sec.  220). 

By  sec.  221,  the  point  or  station 
A  is  found  to  be  the  most  westerly 
station  on  the  surrey. 

By  making  the  first  meridian  pass 
through  the  most  easterly  station, 
we  find  the  area  by  adding  the  west- 
ings and  subtracting  the  eastings. 


A  or  lat., 
and  I  dep. 


Bor 
mer.  dUt 


N.  29,178 
0,000 


N.  6,128 
E.    2,67115 


N.  8,868 
W.  0,78146 


N.  7,714 
E.   4,58625 


0,0000 


0,0000 
0,0000 


2,67116  E. 
5,14280  £. 


N.  Area. 


4,86085  £. 
8,57940  £. 


S.  8,661 
E.  2,5000 


S.  17,001 
0,0000 


8,17565  E. 
12,77190  E. 


15,27190  E. 
17,77190  E. 


0,0000 
E.  5,5000 


S.  18,794 
E.  8,4202 


17,77190  E. 
17,77190  E. 


22,27190  E. 
28,77190  E. 


S.  10,600 
W.  9,0988 


N.  8,0780 
W.  8,71285 


82,19210  £. 
85,61280  £. 


26,51900  E. 
17,42670  E. 


18,71286  £. 
10,0000 


15,7668 


38,6507 


68,0678 


26,7747 


144,2490 


132,2689 


802ai01 


605,0188 


278,4IS5 


1317,8768 
North  area  «  144400 


Area  of  the  polygon  »  117,96288  acres. 


This  is  satisfactory  proof. 


By  first  method  =  117,86292  acres. 
By  second  method  =  117,36288  acres. 


JVbte.  The  surreyor  ought  to  adopt  some  uniform  system,  as  bj  this 
means  he  will  be  in  less  danger  of  committing  errors.  I  have  invariably, 
made  the  principal  meridian  pass  through  the  most  westerly  station  of 
the  polygon  according  to  this  method,  and  checked  it  by  the  third 
method,  thereby  making  one  method  check  the  other.  Making  the  first 
meridian  pass  through  the  polygon  requires  less  figures,  but  more  care 
in  passing  from  east  to  west,  and  vice  versa;  also  in  entering  the  areas 
in  their  proper  columns,  as  sometimes  the  north  area  is  to  be  put  in  the 
south  area  columns,  and  the  contrary.  But  in  the  first  and  second 
methods,  the  north  area  is  always  put  in  north  area  column,  and  the  south 
area  in  south  area  column. 
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260.    Method  III. — The  First  Meridian  pastes  through  the  Most  Northern 
Station  of  the  Polygon,  as  through  Station  E  (see  fig.  176). 


Bearrag. 


Dist 


8.ao°£.  ilO,00 

Soath.     17,00 

Eut.      11,00 

S.2(PE.  20,00 

I 

s.eopw.  21,00 

K.  80°  W.  17,694  3,0780 
Worth.    ,2&,178'29,178 
6,128 
8,863 
7,7U 


N.lat 


N.  4/P  E.  8,00 
K.IOOW.  9,00 
K.60PE.  ,12,00 


S.  lat. 


8,661 
17,001 

0,000 
18,794 
10,500 


B.  dep 


5,0000 

0,0000 

11,0000 

6,8404 


5,1423 


9,1925 


W.  dep 


18,1866 
17,4257 


1,5629 


A  or  lat., 
and  \  dep. 


S.    8,661 
E.   2,5000 


Bor 
mer.  dist. 


0,0000 


2,5000   E. 
6,0000   E. 


S.  17,001 
0,0000 


5,0000   E. 
6,0000    E. 


N.  Area. 


S.  Ar6a. 


0,0000  ,10,5000   E. 

I 

E.    5,5000  16,0000    E 


S.  18,794 
£.    8,4202 


S.  10,500 
W.  9,0933 


In  this  method,  eyerything  is  the 
same  as  in  methods  1  and  2,  except 
finding  the  areas. 

Rule.  The  north  or  south  multi- 
plied by  their  respectiye  east  merid- 
ian distances,  are  put  in  their  re- 
epectire  columns  of  areas,  as  in 
methods  1  and  2 ;  but  north  and 
south  latitudes  multiplied  by  their 
respectiTe  west  meridian  distances, 
are  put  in  contrary  area  columns. 
That  is,  S.  lat.  X  ^-  ^^^'  ^^^^'  is 
put  in  south  area  column ;  N.  lat.  X 
E.  mer.  dist.  is  put  in  north  area 


N.  3,0730 
W.  8,7129 


19,4202   E. 
22,8404   E. 


13,7471   E. 
4,6533   E. 


4,0591  W. 
12,7720  W. 


N.  29,178     12,7720  W 


0,000 


12,7720  W, 


N.  6,128     10,2009  W 


E.    2,5711 
N.  8,863 
W.  0,7814 


7,6298  W. 


N.  7,714 
E.    4,5962 


8,4112  W. 
9,1927  W. 


4,5966  W. 
0,0003 


21,525 


85,0050 


384,9832 


144,3446 


12,4736 


372,6614 


62,6111 


74,5485 


35,4574 


Area  in  acres  »  ]  17.3687 

Second  method  =  117,8629 

First  method  =  117,3629 


column ;  S.  lat.  X  ^-  ^^^-  ^i^^-  ^^  P^^  i°  north  area  column ;  N.  lat.  X 
W.  mer.  dist.  is  put  in  south  area  column.  ^ 

The  proof  of  the  aboTC  rule  will  appear  from  the  following  (see  fig.  176). 
Draw  the  meridian  E  W  through  the  point  or  station  E ;  let  p  F,  g  H, 
r  D,  B  E,  R  8,  G  w,  and  D  x,  be  the  departures  respectiyely. 


«» P  X  i  F  P  =  south  X  ^y  east  =  a 

^QX}(FP  +  C^q)  =  south  X  ^7  e*«t  =  a'  a' 

"^lXi(Hq  +  Ir)==  south  X  by  east  =  a^'  a'>' 

1 1*  X  i  (I  r  +  K  L)  south  X  ^7  east  =  a^^^  a^/^' 

This  includes  figure  IrvK  +  A^KS,  SK  being  the  b 

east  meridian  distance  of  K ;  then  S  K  —  }  (K  A)  =  mer.  b^ 

dist.  of  the  middle  of  the  line  A  K,  which  is  —  or  east,  if  h^^ 

S  K  is  more  than  ^  A  K ;  but  if  S  K  is  more  than  ^  A  K,  h^^^ 
then  the  meridian  distance  will  be  -J-  or  east,  and  if  the  mer.  dist.  S  E  is 
equal  to  )  A  E,  then  the  mer.  dist.  of  line  E  A  =  o. 
h 


North 

Area 

Column. 


South 

Area 

Column. 
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We  now  suppose  that  S  K  is  leas  than  K  A;  therefore  mer.  distance  t» 
middle  ofKA  =  SK  —  }Ag=:  west  or  negatiTe,  and  (S  K  —  )  A  Q) 
.  g  K  =  figure  gKsy  —  AA^8K:  =  figure  gKry  +  KTS  —  A^gK; 
but  the  meridian  distance  being  negative,  .-.  the  product  most  be  nega- 
tive ;  that  is,  the  above  product  ^  AgK  —  gKryKTS,  which  is 
equal  to  the  ^  A  y  ▼,  because  we  hare  to  deduct  gRvy-f-ETS,  which 
have  been  including  the  figure  Kirs;  consequently  north  by  west  is  to 
be  added  or  put  in  south  area  column.  »Let  this  area  be  equal  to  b,  and 
entered  in  the  south  area  column.  The  mer.  dist  of  A  is  the  same  as 
that  of  B,  and  is  found  by  adding  J  A  g  to  the  last  mer.  dist.  to  the  mid- 
dle of  A  K.  That  mer.  dist.  X  ^7  ^  ^«  gives  an  area  to  be  added  = 
figure  g  A  B  b  =  b',  which  is  put  in  south  area  column.  Also  the  mer. 
dist.  in  middle  of  B  C  is  west,  which  multiplied  by  B  C,  will  give  the  area 
B  G  w  b  =  b^^  which  put  in  south  area  column.  In  like  manner  we  find 
the  area  C  D  x  w  =  b^^^,  which  put  in  south  area  column ;  and  the  area 
of  D  £  X  is  west  of  the  meridian  \i''"^  and  ia  to  be  put  in  south  area 
column. 


Hmi»  it  appeara  that  ihou  areae  thrived  from  eatt  wteridian  dittaatu  «# 
put  under  their  reapeettve  headt,  S.  and  N. ;  but  thom  hamng  W4it  wuridiam 
diatancu,  are  put  in  their  contrary  coImmm. 


261.     Calculating  the  OffeeU  and  InUti.    {Seefg,  17s:) 


Line  1. 


On  a  to  b 


OnbtoF 


Sum 

Base. 

of 

offs'te 

40 

14 

107 

78 

103 

84 

116 

14 

98 

16 

190 

46 

102 

50 

04 

80 

Doable 

area. 
add. 


Double 

area. 

Subt'ct 


l«bu 

8346 
8652 
1604 


1568 
8740 
5100 
2820 


Sum  of  addition,        20562  18228 
Sum  of  subtraction,  18228 

Difiference,  2384,  to  be 

added  to  the  area  of  the  polygon. 


The  letters  a,  b,  etc.,  show  betweea 
what  points  on  the  line  the  areaa  are 
calculated. 

When  the  area,  and  not  the  double 
area^  of  the  polygon  is  giTen,  then  we 
take  half  the  double  area  of  the  differ- 
ence of  the  offset  and  inlet  columns, 
and  add  of  subtract  to  or  from  the  area 
of  the  polygon,  as  may  be  the  case. 

In  making  out  the  bases,  we  subtract 
150  from  190 ;  put  the  difference,  40, 
in  base  column,  and  opposite  which, 
in  offset  column,  put  14 ;  then  40  X  ^^ 
will  give  double  the  area  of  the  ^  be- 
tween 150  and  190. 


Again,  take  190  from  297 ;  the  difference,  107,  is  put  in  base  column, 
opposite  to  which,  in  off:«et  column,  is  put  78  =  14  -)-  64 ;  then  107  X 
78  =  double  the  area  of  the  trapezium  between  190  and  297. 

This  method  of  keeping  field  notes  facilitates  the  computation  of  offsets 
and  plotting  detail. 

We  begin  at  the  bottom  of  the  page  or  line,  and  enter  the  field  notes  as 
we  proceed  toward  the  top  or  end  of  the  line.  The  chain  line  may  be  a 
space  between  two  parallel  lines,  or  a  single  line,  as  in  fig^  17e.  If  the 
field  book  is  narrow,  only  one  line  ought  to  be  on  the  width  of  every  page, 
and  that  up  the  middle  (see  sec.  211). 
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OBDNANOa     KKTHOD. 

262.     FiM  Book,  No.  16,  Page  64. 

Ob  the  first  day  of  May,  1838,  I  commenced  the  suryey  of  part  of 

Flaskftgfa,  in  the  parish  of  Dann^ore,  and  county  of  Galway,  Ireland,  sar- 

veyad  for  John  Connolly,  Esq.  Mioh'l  McDbrmott,  C.  L,  S. 

•     Thomas  Lynskbt,  \  ^,.    r.^^^. 
Thomas  Kino,       /  ^*^"*  **^'^*^'- 

The  angles  hare  been  taken  by  a  theodolite,  the  bearing  of  one  line 
determined,  from  which  the  following  bearings  have  been  deduced  (see 
fig.  17e).     Land  k^t  on  the  right. 

We  begin  at  the  most  northerly  station,  as  by  this  means  we  will  always 
add  the  south  latitudes  and  subtract  the  north  latitudes. 

Ejqtlttnaiwn,    On  line  1,  at  distance  210,  took  an  offset  to  the  left,  to 
where  a  boundary  fence  or  ditch,  etc.,  jutted.     The  dotted  line  along  said 
fenee  shows  that  the  face  next  the  dots  is  the  boundary. 
At  297,  offset  of  64  links  to  Mr.  Jambs  Roobr's  schoolhouse. 
At  840,  offset  of  70  links  to  south  corner  of  do. 
The  width  =  80,  set  down  on  the  end  of  do. 
At  400,  offset  to  the  left  of  14  links  to  a  jutting  fence. 
From  150  to  400,  the  boundary  is  on  the  inside  or  right,  as  shown  by 
the  characters  made  by  dots  and  small  circles  joined.     See  characters  in 
plates.     From  this  point,  400,'  the  boundary  continues  to  the  end  of  the 
line,  to  be  on  the  left  side  of  fence. 

At  804,  met  creek  80  links  wide,  6  deep,  clear  water,  running  in  a 
southern  direction. 
At  820,  met  further  bank  of  do. 

At  880,  dag  a  triangular  sod  out  of  the  ground,  making  the  yertez  the 
point  of  reference.     Here  I  left  a  stick  6  inches  long,  split  on  top,  into 
which  split  a  folded  paper  haying  line  1 — 830  in  pencil  marks.     This  will 
enable  us  to  know  where  to  begin  or  close  a  line  for  taking  the  detail. 
At  960,  offset  to  the  right  20  links. 

At  1000,  met  station  F,  where  I  dug  8  triangular  sods,  whose  yertexes 
meet  in  the  point  of  reference.     This  we  call  leveling  mark. 

The  distance,  1000  links,  is  written  lengthwise  along  the  line  near  the 
station  mark. 

The  station  mark  is  made  in  the  form  of  a  triangle,  with  a  heayy  dot 
hi  the  centre. 

Distances  firom  which  lines  started  or  on  which  lines  closed,  are  marked 
with  a  crow's  foot  or  broad  arrow,  made  by  8  short  lines  meeting  in  a 
point 
Along  the  line  write  the  number  of  the  line  and  its  bearing. 
Line  2  may  be  drawn  in  the  field  book  as  in  this  figure,  or  it  may  be 
eontinued  in  the  same  line  with  line  1,  obserying  to  make  an  angle  mark 
on  that  side  of  the  line  to  which  line  2  turns.  This  may  be  seen  in  lines 
4  sod  5,  where  the  angle  mark  is  on  the  right,  showing  that  line  5  turns 
to  the  right  of  line  4. 

Line  2,  total  distance  to  station  G  =  1700  links.  The  distance  from 
the  station  to  the  fence,  on  the  continuation  of  line  2,  is  10  links,  which 
^Beteorreetly  on  the  line. 
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Key  offtet.  See  where  liae  2  sUrts  from  end  of  line  1.  At  the  end  of 
line  1,  oflfset  lo  corner  of  fence  =  10.  At  10  links  on  line  2,  oflFset  to 
oomer  ==  2.  This  is  termed  the  key  offset,  and  is  alwsjs  required  at 
each  station  for  the  computation  of  offsets  and  inlets. 

Running  from  one  line  to  another.  We  mention  the  distance  of  the  points 
of  beginning  and  closing  as  follows : 

Line  5.  ^^'"  shows  that  the  Une  started  from  8S0,  on  line  1, 

and  closed  on  600,  line  5.  It  also  shows,  from  the 
—  manner  in  which  distances  804,  820  and  830  are  written* 
that  the  line  turns  to  the  right  of  line  1.  When  we  use 
a  distance,  as  830,  etc.,  we  make  2  broad  arrows  oppo- 
site the  distance.  This  will  enable  us  to  mark  titem 
off  on  the  plotting  lines  for  future  reference. 

I       We  take  detail  on  this  line — it  will  serre  as  a  check 

^  when  the  scale  is  2,  8,  or  4  chains  to  1  inch  scale. 

SS     a    ^  We  number  it  and  enter  it  on  the  diagram,  which  must 
Xiine  1. 

always  be  on  the  first  page  of  the  survey.    The  diagram 

will  show  the  number  of  the  line ;   the  distances  on  which  it  begins  and 

ends ;  the  reference  distances.    This  will  enable  the  surveyor  to  lay  down 

his  plotting  or  chain  lines,  and  test  the  accuracy  of  the  survey.     Having 

completed  the  plotting  plan,  we  then  fill  in  the  detail,  and  take  a  copy  or 

tracing  of  it  to  the  field,  and  then  compare  it  with  the  locality  of  the  detail. 

This  comparison  is  made  by  seeing  where  a  line  from  a  corner  of  a 
building,  and  through  another  comer  of  a  fence  or  building,  intersects  a 
fence ;  then  from  the  intersection  we  measure  to  the  nearest  permanent 
object.  We  draw  the  line  in  pencil  on  the  tracing,  and  compare  the  dis- 
tance found  by  scale  with  the  measured  distance.  Some  surveyors  can 
pace  distances  near  enough  to  detect  an  error.  On  the  British  Ordnance 
Survey,  the  tketcher^  or  examiners  seldom  used  a  chain,  unless  in  filling 
in  omitted  detail. 

On  Supplying  Lost  Lines  or  Bearings, 

263.  It  would  be  unsafe  to  depend  on  this  method,  unless  where  the  line 
or  lines  would  be  so  obstructed  as  to  prevent  the  beatings  and  distances  to 
be  taken.  The  surveyor  seeing  these  difficulties,  will  take  all  the  avail- 
able bearings  and  measure  the  distances  with  the  greatest  accuracy,  leav- 
ing no  possible  doubt  of  their  being  correctly  taken.  Then,  and  not  till 
thent  can  he  proceed  to  supply  the  omissions. 

Case  1.  In  fig.  176,  we  will  suppose  that  all  the  lines  and  bearings  have 
been  correctly  taken,  but  the  distance  I  K  has  been  obliterated,  and  that 
its  bearing  is  given  to  find  the  dUtance  I  K. 

Let  the  bearing  of  I  K  be  S.  60  W.  From  sec.  259,  method  2,  we  have 
calculated  the  departure  of  K  from  the  line  A  B  =  17,4257 

departure  of  I  from  do.  =  35,6123 

consequently  the  departure  of  line  I  K  is  =  E  L  =  18,1866 

We  have  the  angle  K  I  L  =  60®,  therefore  the  <  I  K  L  =  80<>,  and  its 
departure  =      ,6000 

The  product  of  the  last  two  numbers  will  give  (by  sec.  167)  I  L  =    9,0933 
By  £.  I,  47,  from  having  I  K  and  K  L  we  find  10,50  =  I  K 

or  I L  ==  9,1983,  divided  by  the  lat.  or  cos.  of  60°  or  ,86603  ==  10,60  =  I  K 
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CoH  2,     The  hearing  and  distance  of  the  line  I  K  m  lost. 
Here  we  have  to  find  the  lines  I  L  and  L  K.     From  the  above  sec, 
method  2,  we  have — 

Lat,  K  A  =    3,0726  N.  Lat.  E  F  =    8,6610  S. 

Lat.  A  B  =  29,1780  N.  Lat.  F  G  =  17,0010  S. 

Lat.  B  C  =    6,1280  N.  Lat.  H  I  =  18,7940  S. 

Lat.  C  D  =    8,8630  N.  44,456    S. 

Lat.  D  E  =    7,7140  y. 

54,9656  N. 
44,4560  S. 

Lat.  I  L  =  10,4996,  and  from  above  K  L  ==  18,1866. 

Therefore,  by  E.  1,  47,  K  L^  +  L I^  =  K I^ ;  consequently  K  I  is  found. 

But  I  K  .  cos.  <  K  I  L  =  I  L. 

IL  ■ 

Therefore =  cosine  <  K  I  L,  which  take  from  table  of  lat.  and  dep., 

and  it  gives  <  K  I  L  =  60^     Consequently  the  bearing  is  S.  60°  W,, 

jr  r         g  Q933 

or = =  ,8662  =  cos.  <  I  K  L;  .-.  the  <  I  K  L  =  SO**,  and 

1  K        10,50  \  .  \  » 

the  bearing  of  the  line  E  I  =  N.  60''  E.  from  station  E. 

Cote  8.  Let  there  be  two  lines  wanted  whose  be&rinffs  are  known  to  be  8, 
60«  W.  and  N.  80°  IF. 

Here  the  station  K  may  be  obstructed  by  being  in  a  pond,  in  a  building, 
or  that  buildings  are  erected  on  part  of  the  lines  1  E  and  A  E  (see  fig.  176). 

We  find  from  case  2  that  A  is  south  of  F  =  51,8830 

I  is  south  of  F  =  44,4560 

A  i3  south x)fI  =  tg  =  Aa=  7,4270 

We  have  above,  a  I  =  dep.  of  I  =  d  =  35,6123 

Now  we  have  A  a  and  a  I,  .  * .  we  find  the  line  A  I. 
And  A  a  divided  by  a  I  gives  the  tangent  of  <^  A  I  a  ^=  ,2085. 
And  the  <  A  I  a  =  11°  47^ 
.-.la  divided  by  the  cosine  10°  =  A I  =  35,6123  -f-  ,9789  =  36,38. 

Now  we  have  the  <  A  I  a  =11°  47^ 

and  the  <  A al  =  90°;  .-.  the  <aAl  =  78°  13^ 
consequently  the  <;  g  A  I  =11°  47^ 

but  the  <  g  A  E  =  10°  00^  .-.  <  E  A I  =  21°  47''. 

Again  the  <  E  I  a  =  30°  00^ 

and  the  <  A  I  a  =11°  47^  .• .  =  A I  E  =  18°  13^ 

And  by  Euclid  I,  32,  we  have  the  <  A  E  I  =  140°  30^ 
By  sec,  194,  we  have  sine  <  A  E  I  :  A  I : :  sine  <[  A  I  E  :  A  E. 

sine  <  A  E  I :  A  I  : :  sine  <  E  A  I :  E  I. 
Cast  4.     Let  all  the  sides  be  given,  and  all  the  bearings^  except  the  bearings 
*>flK  and  A  E,  to  find  these  bearings. 

By  the  above  methods  we  can  find  the  departure  a  i  of  the  point  I,  east 
of  the  meridian  A  B. 

We  also  have  the  difiference  of  lat.  of  the  points  A  and  I  =  t  g  =  A  a. 
.*.  (A  a)*  -|-  (I  a)*  =  the  square  of  A  I ;  .•.  A  I  may  be  found. 
Or,  A  a  H-  I  a  =  tangent  of  the  <  A  I  a ;  .• .  <  A  I  a  may  be  found. 
And  I  a  -^  cos.  <^  A  I  a,  will  give  the  side  A  I. 

Kow  having  the  sides  A  I,  A  E  and  E  I,  by  sec.  205,  we  can  find  the 
angles  K  A  1  and  E  I  A.  And  the  <  A  I  a  and  <  A  I  E  are  given ;  .• . 
their  ram  <  A  I  E  is  given ;  .'.the  bearing  of  the  line  I  E  is  given. 


Te  fiiut  tkt  Mott  WtUm-lti  Statum. 
Bj  looking  to  flg.  Vld,  it  will  if  peu  thtt  alUiar  tli«  point  8  or  P  ii  th* 
inoit  neaterly. 

LM=  8,000  wwt 
MN=   7,870  W. 
R0=    6,766  W. 
0P=    2.722  ff. 
PoiDt  P  =  21,868  w«at  of  tli«  umuied  pdnt  L. 
PQ=  6,4*8  S. 

19,410. 
Q  B  =   1,09S  W. 
E  a  =    6.414  W. 
Point  8  =:  26,919  wett  of  the  MBnmed  point  I» 

Therefora  the  point  8  is  tbe  moat  westerly  station,  tLroagh  which,  if 
the  first  meridian  be  niKle  to  pus  the  »r««.,  c*n  be  foond  b;  the  Moond 
meCliod. 

To  Find  Ou  Mtridim  Dittanm. 
When  the  first  mer.  pstses  (hroogh  the  most  weeterty  ■laljoii,  we  add 
the  eutiags  end  snbtrsAt  the  westings. 

When  the  first  mer.  is  tlirough  the  most  eMterl;  stfttion,  we  add  the 
westiogg  and  snbtraet  the  e&sliDgg. 

Wbeo  the  first  mer,  passes  through  the  polygon,  we  add  the  casting!  ia 
that  part  east  of  the  first  mer.,  and  snbtnict  them  In  that  part  wast  of 
that  mer.  We  also  sabtract  the  westings  in  that  part  east  of  that  mer., 
and  add  them  WMt  of  it 
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is  made  the  Bate  Line  AB,ai  each  of  which  a  Station 
hy  the  Third  Method, 


JBquated 
Kdep. 


6»146 

9,196 
5,002 

11.002 

6,842 


5,448 


7,503 

10,246 
8,146 


68,529 


Eqnated 
W.  cl«»p. 


1,561 


18,184 
17,428 

8,000 
7,370 

6,760 
2,722 

1*095 
5,414 


68,529 


A  or  latitude, 

•lid 
half  departure. 


N. 
E. 


6,128 
2,672} 


N. 
W. 


8,868 
0,780} 


N. 
£. 


7,714 
4,697} 


S.     8,t)G0 
£.     2,501 


S.   17,U(J0 
0,000 


£. 


o,uuo 

5,601 


8. 
E. 


18,794 
8.421 


S.   10,500 
W.    9,092 


N. 
W. 


8,073 
8,711} 


N.     7,000 
0,000 


W. 


0,000 
4,000 


N. 
W. 


6,162 
3,685 


N. 
W. 


1,812 
3,880 


N.     5,846 
W.    1,861 


N.     8,887 
E.     2,724 

B,983 


N. 
W. 


0,547} 


N. 
W. 


N. 


7,188 
2,707 

"5,045 
3,751} 


8.     8,003 
E.    5,128 


8.   14,694 
E.     4,073 


B,  or 
Meridian  dtet. 


2,672} 
6,146 

£. 

4,8(54} 
8,584 

£. 

8,181} 
12,779 

£. 

16,280 
17,781 

£. 

17.781 
17,781 

£. 

28,282 
28,788 

£. 

82,204 
85.625 

E. 

26.583 
17,441 

£. 

8,729} 
0,018 

E. 

0,018 
0,018 

£. 

3,982 
7.982 

W. 

11,667 
16,852 

W. 

18,732 
22,112 

W. 

28,478 
24,884 

W. 

22,110 
19,886 

W. 

19,988 
20,481 

W. 

28,188 
26,896 

W. 

22,143 
18,392 

w. 

18,269 
8,146 

w. 

4,073 
0,000 

w. 

North  area. 


15,7643 
38,6826 
63,1121 


26,8258 
0,1260 


106,1915 
69,8487 


810,6618 


South  area. 


132,3248 
302,2770 


606,2420 
278,6965 


60,2251 
33,9424 
125,4867 
186,4366 
178,0660 
166,6758 

178,1445 


2246,4179 

310,6613 

Beqmred  area  =  1935,i^  chains,  or  193,6867  acres. 
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264a.  In  aurreyiDg  an  estate  8uch  as  that  shown  in  fig.  17c,  we  run  a 
base  line  through  it,  such  as  A  M.  We  find  the  magnetic  bearing,  and  its 
variation  from  the  true  meridian.  We  measure  it  over  carefully,  then 
take  a  fly-sheet  and  remeasure  the  same,  then  compare,  and  sarvej  a 
third  time  if  the  two  surreys  differ.  With  good  care  in  chaining,  it  is 
possible  to  make  two  surveys  of  a  mile  in  length  to  agree  within  one  foot 
With  a  fifteen  feet  pole  they  agree  very  closely. 

We  refer  the  base  line  A  M  to  permanent  objects  as  follows : 
Theodolite  at  station  A,  read  on  station  M,  0°  0(y 

On  the  S.W.  corner  of  St.  Paul's  tower,  15*^  11' 

On  the  S.E.  corner  of  the  Court  House  (main  building),  27°  W 

On  the  S.W.  comer  of  John  Cancannon's  Mill,  44°  16' 

On  the  N.E.  corner  of  John  Doe's  stone  house,  276°  16^ 

On  the  N.  W.  corner  of  Charles  Roe's  house,  811°  02' 

Any  two  or  three  of  these,  if  remaining  at  a  future  date,  would  enable 
us  to  determine  the  base  A  M,  to  which  all  the  other  lines  may  be  referred. 

The  variation  of  the  compass  is  to  be  taken  on  the  line  at  a  station 
where  there  is  no  local  tUtreKtion,  the  station  ought  to  be  at  same  dis« 
tance  from  buildings. 

We  find  the  magnetic  bearing  of  A  M  =  N.  64°  10'  E.,  as  observed  at 
the  hour  of  8  a.m.,  8th  December,  1860,  at  a  point  671  links  north  of 
station  A,  on  the  base  line  A  M.  Thermometer  =  40°,  and  Barometer 
29  inches.  n 

Let  the  latitude  of  station  =  53°  45'  00" 

Polar  distance  of  Pole  Star  (Polaris)  =    1°  25'  80"  ; 

(Declination  of  Polaris  being  =  88°  34'  30",  .• .  its  polar  distance  is  found 
by  taking  the  declination  from  90.) 

To  Find  at  what  time  Polaris  tvill  be  at  its  Greatest  Azimuth  or  Elonffati(m, 

2645.  Rule,  To  the  tan.  of  the  polar  dist.  add  the  tan.  of  the  lat ; 
from  the  sum  take  10.  The  remainder  will  be  the  cosine  of  the  hoar 
angle  in  space,  which  change  into  time.    The  time  here  means  sidereal. 

To  Find  the  Greatest  Azimuth  or  Bearing  of  Polaris. 

264e.  RvU.  To  radius  10  add  sine  of  the  polar  distance ;  from  the 
sum  take  the  cosine  of  the  latitude.  The  remainder  will  be  the  sine  of 
the  greatest  azimuth. 

To  Find  the  Altitude  of  Polaris  when  at  its  Greatest  Aiimuth, 

264(f,  Rule.  To  the  sine  of  the  latitude  add  10;  from  the  sum  take 
the  cosine  of  the  polar  distance.  The  difference  will  be  the  log.  sine  of 
the  altitude. 

In  the  above  example  we  have  lat.  =53°  45',  and  its  tan.  =  10,1857596 
Polar  disUnoe  =  1°  25'  30",  and  its  tangent  =   8,3957818 

88°  8'  05"  =  hour  angle  in  space,  whose  cosine  =   8,6315414 

This  changed  into  time  gives  5  h.,  52  m.,  12,3  s.  This  gives  the  time  from 
the  upper  meridian  passage  to  the  greatest  elongation. 
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Jh  Find  lehen  Polarit  wUl  Culminate  or  Pms  the  Meridian  of  the  Station  on 
Line  A  M,  bein^  on  the  Meridian  of  Greenwich  on  the  Sth  Dec,  1860. 

264e.    From  Naut  Almanac,  star's  right  ascension  =   Ih.  08m.  48,5s. 
Bon's  right  ascension  of  mean  sun  (sidereal  time)         =17     09     69,9 

Sidereal  time,  from  noon  to  npper  transit 


=   7     58 
Sidereal  time,  from  npper  transit  to  greatest  azimuth  =   5     00 


52,6  • 
01 


Sidereal  time  from  noon  to  greatest  eastern  azimuth    =   2     58      52 

Now,  as  this  is  in  day  time,  ve  cannot  take  the  star  at  its  greatest 
eastern  elongation,  bnt  by  adding  5h.  52m.  12,8s.  to  7h.  58m.  52,68.,  we 
find  the  time  of  its  greatest  western  azimuth  =  13h.  51m.  4,9s.  from  the 
noon  of  tiie  Sth  December,  and  by  reducing  this  into  mean  time,  by  table 
yii,  ire  have  tJie  time  by  watch  or  chronometer. 

To  Find  the  Altitude  and  Azimuth  in  the  above. 


264/.    Lat.  530  45'  N.,  sine  + 10  + 19,906575 


cos.  =   9,771816 


cos.  = 


Q 


I 


9,999866    sine  +  10  +  18,395648 

9,900709  sine=    8,628883 

Greatest  azimuth  =  2«  24'  37''. 

9 

A 

* 


I 


%4 
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Ubsajca  JOB,  or  Dtppeb,  or  Ths  Plough, 
at  its  under  tranBit. 


H.  polar  dist  !«>  26'  80", 

sine  =3 
True  altitude  =  53«  46'  27". 

Alpha  and  Beta  are  term- 
ed the  pointers,  or  guards, 
because  they  point  out  the 
Pole  star,  which  is  of  the 
same  (second)  magnitude, 
and  nearly  on  the  same  line. 

The  distance  from  Alpha 

Ursamajor  to  the  Pole  star 

is  about  five  times  the  distance  betweeti  the  two  pointers. 

When  Alioth  and  Polaris  are  on  the  same  vertical  line,  the  Pole  star  is 
supposed  to  be  on  the  meridian.  Although  this  is  not  correct,  it  would 
not  differ  were  we  to  run  all  the  lines  by  assuming  it  on  the  meridian ; 
but  as  we  sometimes  take  Polaris  at  its  greatest  azimuth,  both  methods 
would  give  contradictory  results. 

264^.  Ali&th  and  Polaris  are  always  on  opposite  sides  of  the  true  pole. 
This  simple  fact  enables  us  to  know  which  way  to  make  the  correction 
for  the  greatest  azimuth.  (For  more  on  this  subject,  see  Sequel  Canada 
&trvejfinff,  where  the  construction  and  use  of  our  polar  tables  will  be 
fully  explained.) 

Variation  of  the  Compass, 

264A.  Variation  of  the  compass  is  the  deviation  shown  by  the  north 
end  of  the  needle  when  pointing  on  the  north  end  of  the  mariner's  compass 
and  the  true  north  point  of  the  heavens ;  or,  it  is  the  angle  which  is  made 
by  the  true  and  magnetic  meridians.  N  M 

When  the  magnetic  meridian  is  west  of  the 
true  meridian,  the  variation  is  westerly. 

Let  8  N  s:  true  meridian,  S  =  south,  and 
N  =  north. 

Let  M  0  »s  magnetic  meridian  through  sta- 
tion 0. 

Let  the  true  bearing  of  B  =    N.  6O0  40'  B.   0 

Let  the  magnetic  do.         =    N.  50°60'E. 

Variation  east  =  9^  60' 

In  tins  case,  the  true  bearing  ui  to  the  right 
of  the  magnetic  B 

t 
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Let  M  =  magnetic  and  N  =  true  North  Pole.  M 
Let  the  true  bearing  of  B  =    N.  60®  b(y  E. 
Let  the  magnetic  do.  =    N.  70^  40^  E. 

Variation  west  =  9°  60^ 

0  Here  the  true  bearing  is  to  the  left  of  the 
magnetic. 


N 


In  the  first  example  we  protract  the  <  N  0  C 
=  <  M  0  B,  which  show  that  B  is  to  the  right 
of  C. 

In  the  second  example  we  make  the  <^  N  0  D 
=  M  0  B,  which  shows  that  B  is  to  the  left  of  D. 

Hence  appears  the  following  rule : 

Rule  1.  Count  the  compass  and  true  bearings  from  the  same  point 
north  or  south  towards  the  right. 

Take  the  difference  of  the  g^iven  bearings  when  measured  towards  the 
east  or  towards  the  west ;  but  their  sum  when  one  bearing  is  east  and  the 
other  west. 

When  the  true  bearing  is  to  the  right  of  the  magnetic,  the  yariation  is 
east.  When  the  true  bearing  is  to  the  left  of  the  magnetic,  the  yariatioB 
is  west 

Example  8.    Let  the  true  bearing  =  N.  60*»  W.  =  800^ 
and  the  magnetic  bearing  =  N.  70^  W.  =  290**. 

Variation  east  =  10®. 

Here  we  have  the  true  bearing  at  800®,  counting  from  N.  to  right,  and 
the  magnetic  bearing  at  290®,  counting  from  N.  to  right 

10®  variation  east,  because  the  trae 
bearing  is  to  the  east  of  the  magnetic. 

Example  4.  Let  true  bearing  =  N.  60®  W.  =  800®,  from  N.  to  right 
and  magnetic  bearing  =  N.  70®  W.  =  290®,  from  N.  to  right. 

Variation    10®  west,  because  the 
true  bearing  is  to  the  right  of  the  magnetic. 

Example  6.  Let  true  bearing  =  N.  5®  E.  =  5  from  N.  to  right, 
and  the  magnetic  bearing  =  N.  5®  W.  =  865  from  N.  to  right 

Variation  10®  east,  because  the  true  bearing 
is  to  the  right  of  the  magnetic. 

Rule  2.  From  the  true  bearing  subtract  the  magnetic  bearing.  If  the 
remainder  is  -|~,  the  variation  is  east ;  but  if  the  remainder  or  difference 
is  — ,  the  variation  is  west 

Example  6.     True  bearing  =  N.  60®  40^  E. 
Magnetic  bearing  =  ^.  60®  60^  E. 

+         9®  60^      =  variation  east 
Example  7.    True  bearing  =  N.  5®  E.  =  +, 
Magnetic  bearing  =  N.  5®  W.  =  — . 

+    10®    east 

Here  we  call  the  east  -{-,  and  the  west  negative  — ;  and  by  the  method 
of  subtracting  algebraic  quantities,  we  change  the  sigif  of  the  lower  line, 
and  add  them. 

Example  8.     Let  true  bearing  =  N.  16®  W.  — , 
and  magnetic  bearing  &=  N.    6®  W.  — . 

—  iQo  =  variation  10®  weat 
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Let  U8  now  find  the  true  bearing  of  the  line  A  M  in  fig.  17e. 

B/  sec.  264a,  we  haye  the  magnetic  bearing  of  A  M  =  N.  64°  10'  E., 
-<  from  Polaris,  at  its  greatest  western  elongation,  to  the  base  line  A  M, 
as  determined  =  80°  40^     The  work  will  appear  as  follows : 

On  the  erexung  of  the  8th  December,  1860,  we  proceeded  to  the  station 
mentioned  in  sec.  264a.  Set  up  the  theodolite  on  the  line  AM.  At  a 
<fistanee  of  10  chains,  I  set  a  picket  fast  in  the  ground,  whose  top  was 
pointed  to  receive  a  polished  tin  tube,  half  an  inch  in  diameter.  Not 
wishing  to  calculate  the  necessary  correction  of  Polaris  from  the  meridian, 
I  preferred  to  await  until  it  came  to  its  greatest  western  azimuth,  being 
that  Ume  when  the  star  makes  the  least  change  in  azimuth  in  6  minutes, 
and  the  greatest  change  in  altitude,  this  being  the  time  best  adapted  for 
finding  the  greatest  azimuth  and  true  time  of  any  celestial  object.  The  sta- 
tion is  assnmed  on  the  meridian  of  Greenwich.  If  on  a  different  meridian, 
we  eorreet  the  sun's  right  ascension.  (See  our  Sequel  Spherical  Astrono- 
my, and  Canada  Surveying. ) 

On  the  morning  of  ^9th  December,  1860,  at  Ih.  51m.  5s.,  found  the 
base  line  A  M  to  bear  from  Polaris  =  N.  80°  40'  00''  E. 

Magnetic  bearing  of  line  A  M  =  N.  64°  10'  00"  E. 

Polaris  at  its  greatest  azimuth  =  N.  80°  40'  00"  £. 

Greatest  azimuth  from  sec.  264/=  2°  24'  37" 

Bearing  of  the  line  A  M  from  true  meridian  =  N.  78°  16'  23"  E. 

Magnetic  bearing  of  line  A  M  =  N.  64°  10'  00"  E. 

By  rule  2,  the  variation  =  N.  14°  05'  23"  E. 

From  sec.  264/,  we  have  the  star's  altitude  when  at  its  greatest  azimuth. 

True  altitude  =  63°  40'  27" 

Correction  from  table  14  for  refraction  =  42" 

Apparent  altitude  =  63°  47'  09" 
We  had  the  telescope  elevated  to  the  given  apparent  altitude  until  the 
star  appeared  on  the  centre,  then  clamped  the  lower  limb,  and  caused  a 
man  to  hold  a  lamp  behind  the  tin  tube  on  the  line  A  M.  Found  the  <^ 
80°  40',  as  above.  Here  the  vernier  read  on  Polaris  at  its  greatest  west- 
em  azimuth  =  279°  20'  00" 
Bead  on  the  tin  tube  and  picket  on  the  line  A  M  =  00°  00'  00" 
On  the  true  meridian  =  281°  44'  37" 
The  last  bearing  taken  from  860°  will  give  the  true  bearing  of  A  M  = 
N.  78°  16'  23"  E. 

After  haring  taken  the  greatest  azimuth,  we  bring  the  telescope  to  bear 
on  A  M ;  if  the  vernier  read  zero,  or  whatever  reading  we  at  first  assume, 
the  work  is  correct.  If  it  does  not  read  the  same,  note  the  reading  on 
the  lower  limb,  and,  without  delay,  take  the  bearing  of  the  Pole  star, 
which  is  yet  sufficiently  near  to  be  taken  as  correct,  and  thus  find  the 
angle  between  it  and  the  base  line.  The  surveyor,  having  two  telescopes, 
will  be  in  no  danger  of  committing  errors  by  the  shifting  of  the  under 
plate,  can  have  one  of  the  telescopes  used  as  a  tell'tale,  fixed  on  some 
pennanent  object,  on  which  he  will  throw  the  light  shortly  before  taking 
the  uimuth  of  Polaris,  to  ascertain  if  the  lower  limb  remained  as  first 
adjusted. 

264t.  A  teeond  teUtcope  can  be  attached  to  any  transit  or  theodolite, 
BO  u  to  be  taken  off  when  not  required  for  tell-tale  purposes,  as  follows : 
To  (he  under  plate  is  riveted  a  piece  of  brass  one  inch  long,  three-fourths 
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inoh  wide,  and  two-tenthB  thiolc  On  this  there  vr  laid  a  collar  or  washer, 
aboat  one-eighth  inch  thick.  To  these  is  screwed  a  right  angled  piece  in 
the  fonn  of  L,  tamed  downwards,  and  projecting  one  inch  ontnde  of  the 
edge  of  the  parallel  plates.  Into  the  outer  edge  of  the  L  piece  is  fixed  a 
piece  haying  a  circular  piece  three-fourths  inch  deep,  haying  a  screw 
corresponding  to  a  thread  on  the  telescope  of  the  same  depth.  TMs  screw 
piece  is  fastened  on  the  inside  of  the  L  piece  by  a  screw,  and  has  a  Terti- 
cal  motion.  When  we  use  this  as  a  tell-tale,  we  bring  it  to  bear  on  some 
well  defined  object,  and  then  clamp  the  lower  plate.  We  then  bring  the 
theodolite  telescope  to  bear  on  the  abore  named  object  or  tin  tube,  and 
note  the  reading  of  the  limb.  After  every  reading  we  look  through  the 
tell-tale  telescope  to  see  if  the  lower  plate  or  limb  is  still  stationary.  If 
BO,  our  reading  is  correct ;  if  not,  vice  vena. 

The  expense  of  a  second  telescope  so  attached  will  be  about  twelve 
dollars,  or  three  pounds  sterling.  The  instrument  will  be  lighter  than 
those  now  made  with  two  telescopes,  such  as  six  or  eight  inoh  instru- 
ments. This  adjustment  attached  to  one  of  Trough  ton  and  Simm's  fire 
inoh  theodolite  has  answered  our  purposes  very  well  during  the  last 
twenty-two  years.  We  prefer  it  to  a  six  inch,  as  we  iuTariably,  for  long 
distances,  repeat  the  angles.     (See  sec.  212.) 

266.  To  Light  the  Crou  ffairh.  Sir  Wm.  Logan,  Proyincial  Geologist 
of  Canada,  has  inyented  the  following  appendage :  On  the  end  of  the 
telescope  next  the  object  is  a  brass  ring,  half  an  inch  wide,  to  which  a 
second  piece  is  adjusted,  at  an  angle  of  45°.  This  second  piece  is  ellipti- 
cal, two  inches  by  two  and  three-eights,  in  the  centre  of  which  is  aa 
elliptical  hole,  one  inch  by  three-eighths.  This  is  put  on  the  telescope. 
The  surface  of  the  second  piece  may  be  silyered  or  polished.  Our  assis- 
tant holds  the  lamp  so  as  to  illuminate  the  elliptical  surface,  which  then 
illuminates  the  cross  hairs.     He  can  vary  the  light  as  required. 

This  simple  appendage  will  cost  one  and  a  half  dollars,  and  will  answer 
better  than  if  a  small  lamp  had  been  attached  to  the  axis  of  the  telescope, 
as  in  large  instruments.  Those  surveyors  who  have  used  a  hole  in  a 
board,  and  other  contrivances,  will  find  this  far  more  preferable. 

We  have  a  reflector  on  each  of  our  telescopes.  The  tell-tale  being 
smaller  is  put  into  the  other,  and  both  kept  clean  in  a  small  chamois 
leather  bag,  in  a  part  of  the  instrument  box.    (See  sec.  211.) 


UNITED  STATES  SURVEYING. 

The  following  sections  are  from  the  Manual  of  InstrnctionB  published 
by  the  United  States  Government  in  1858,  which  are  called  New  Ifutrttc 
iiotUf  to  distinguish  them  from  those  issued  between  1796  and  1855,  which 
are  called  the  Old  Instructions.    The  notes  are  by  M.  McDermott. 

BTBTXM  or  BIOTAKatTLAB  BtmVXTtKa. 

266.  The  public  lands  of  the  United  SUtes  are  laid  off  into  rec- 
tangular tractBy  bounded  by  lines  tonjwmtig  to  the  cardinal  j9oinU» 
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These  tracts  are  laid  off  into  townships,  containing  23040  acres. 
These  townships  are  supposed  to  be  square.  They  contain  86  tracts, 
eaUed  sections,  each  of  which  is  intended  to  be  640  acres,  or  as  near  that 
as  possible.  The  sections  are  one  mile  square.  A  continuous  number  of 
tovnahips  between  two  base  lines  constitutes  a  range. 

267.  The  law  requires  that  the  lines  of  the  public  surveys  shall  be 
gmemtd  hy  the  true  meridian^  cmd  that  the  iovmship  ihall  he  nx  miles  square — 
two  things  inToMng  a  mathematical  impossibility,  by  reason  of  the  con- 
Tergency  of  the  meridians.  The  township  assumes  a  trapezoidal  form, 
which  unequally  develops  itself  more  and  more  as  the  latitude  is  higher. 

*  In  view  of  these  circumstances,  the  act  of  18th  May,  1796,  sec.  2, 
enacts  that  the  sections  of  a  mile  square  shall  contain  640  acres,  as  near- 
bf  as  may  be, 

*  The  act  10th  May,  1800,  sec.  8,  enacts  "That  in  all  cases  where  the 
exterior  lines  of  the  townships  thus  to  be  subdiyided  into  sections,  or  half 
sections,  shall  exceed,  or  shall  not  extend  six  miles,  the  excess  or  deficiency 
shall  be  specially  noted,  and  added  to  or  deducted  from  the  western  and 
northern  ranges  of  sections  or  half  sections  in  such  township,  according  as 
the  error  may  be,  in  running  the  lines  from  east  to  west  or  from  south  to 
north. 

268.  The  sections  and  half  sections  bounded  on  the  northern  and  west- 
em  lines  of  such  townships,  shall  be  sold  as  containing  only  the  quantity 
expressed  in  the  returns  and  plats  respectively,  and  all  others  as  contain- 
bg  the  complete  legal  quantity." 

The  accompany ng  diagram,  marked  A  (see  sec.  271),  will  illustrate  the 
method  of  running  out  the  exterior  lines  of  townships,  as  well  on  the  north 
as  on  the  south  side  of  the  base  line. 

OF  IfSASUBEMBNTS,    CHAIHING  AND  MABKINO. 

269.  **  Where  uniformity  in  the  variation  of  the  needle  is  not  foiind,  the 
public  surveys  must  be  made  with  an  instrument  operating  independently 
of  the  magnetic  needle.  Burt's  Solar  Compass,  or  other  instrument  of 
equal  utility,  must  be  used  of  necessity  in  such  cases ;  and  it  is  deemed 
best  that  such  instruments  should  be  used  under  all  circumstances.  Where 
the  needle  can  be  relied  on,  however,  the  ordinary  compass  may  be  used 
in  sabdividing  and  meandering." — Note  Traversing. 

■Asi  Lxns,  nmroiFAL  xxkibiahs,  akd  oobbxction  o&  stahdabd  iims. 

270.  Base  Lines  are  lines  run  dfie  east  and  west,  from  some  point  as- 
nmed  by  the  Surveyor  General.  North  and  south  of  this  base  line,  town- 
ehips  are  laid  off,  by  lines  running  east  and  west. 

Standard  or  Correction  Lines  are  lines  run  east  and  west,  generally  at  24 
Biles  north  of  the  base  line,  and  80  miles  south  of  it.  These  lines,  like 
the  townships,  are  numbered  from  the  base  line  north  or  south,  as  the 
ease  may  be. 

Prinapdl  Meridians  are  lines  due  north  and  south  from  certain  given 
points,  and  are  nombered  first,  second,  third,  etc.  Between  these  princi- 
pal meridians  tii«  tiers  of  townships  are  called  ranges,  and  are  numbered 
1, 2, 8, 4,  etc.,  east  or  west  of  a  given  principal  meridian. 
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All  these  lines  are  supposed  to  be  nm  astronomicallj ;  that  is,  they  are 
ran  in  reference  to  the  true  north  pole,  without  reference  to  the  magnetie 
pole.  In  proof  of  this,  it  is  well  to  state  that  the  Old  Instructions  has 
shown,  in  the  specimen  field  notes,  that  the  true  Tariation  has  been  found* 
See  pages  13  and  18,  and  in  the  New  InstrucUons,  pages  28  to  85,  both 
inclusiTe.  Here  the  method  of  finding  the  greatest  azimuth  is  not  giveii, 
although  there  is  a  table  of  greatest  azimuths  for  the  first  day  of  July  for 
the  years  1851  to  1861,  and  for  lat  82''  to  Ai^.  At  page  30  is  given  the 
mean  time  of  greatest  elongation  for  every  6th  day  of  each  month,  and 
shows  whether  it  is  east  or  west  of  the  true  meridian. 

At  page  27  are  given  places  near  which  there  is  no  variation.  At  paga 
29  are  given  places  with  their  latitudes,  longitudes,  and  variation  of  tha 
compass,  with  their  annual  motion. 

The  method  of  finding  these  for  other  places  and  dates  is  not  given  in 
either  manual.  For  these,  see  sequel  Canadian  method  of  surveying 
side  lines.  For  formulas  and  example,  see  sections  26-la  and  2646  of  this 
manual. 

Principal  Meridians.    The  1st  principal  meridian  is  in  the  State  of  Ohio. 

The  2nd  principal  meridian  is  a  line  running  due  north  from  the  month 
of  the  Little  Blue  River,  in  the  State  of  Indiana. 

The  3d  principal  meridian  runs  due  north  from  the  mouth  of  the  Ohio 
River  to  the  State  line  between  Illinois  and  Wisconsin. 

The  4th  principal  meridian  commences  in  the  middle  of  the  channel, 
and  at  the  mouth  of  the  Illinois  River;  passes  through  the  town  of 
Qalena;  continues  through  Illinois  and  Wisconsin,  un|il  it  meets  Lake 
Superior,  about  10  chains  west  of  the  mouth  of  the  Montreal  River.  For 
further  information,  see  Old  Instructions,  page  49. 

Ranges  are  tiers  of  townships  numbered  east  or  west  from  the  established 
principal  meridian,  and  these  lines  run  north  or  south  from  the  base  line. 
They  serve  for  the  east  and  west  boundary  lines  of  townships.  On  these 
lines,  section  and  quarter  section  corners  are  established.  These  comers 
are  for  the  sections  on  the  west  side  of  the  line,  but  not  for  those  on  the 
east  side.     (See  Old  Instructions,  page  50,  sec.  9.) 

Note.  This  is  not  always  the  case.  There  are  many  surveys  where  the 
same  post  or  comers  on  the  west  line  of  the  township  have  been  made 
common  to  both  sides.  This  is  admitted  in  the  Old  Instructions,  page  54, 
seo.  21. 

Toumships  are  intended  to  be  six  miles  square,  and  to  contain  36 
sections,  each  640  acres.  They  are  numbered  north  and  south,  wtth 
reference  to  the  base  line.  Thus,  Chicago  is  in  township  39  north  of  the 
base  line,  and  in  range  14  east  of  the  third  principal  meridian. 

Tovmship  lines  converge  on  account  of  the  range  lines  being  run  toward 
the  north  pole,  or  due  north.  This  convergency  is  not  allowed  to  be  cor> 
rected,  but  at  the  end  of  4  townships  north,  and  5  south  of  the  base  line, 
this  causes  the  north  line  of  every  township  to  be  76,15  links  less  than  the 
south  line,  or  804,6  links  in  4  townships. 

The  deficiency  is  thrown  into  the  west  half  of  the  west  tier  of  sections  In 
each  township,  and  is  corrected  at  each  standard  line,  where  there  is  a 
jog  or  offset  made,  so  as  to  make  the  township  line  on  the  standard  lino 
six  miles  long.    In  surveying  in  the  east  6  tiers  of  sections,  each  section 
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u  made  80  chaiiis  on  the  township  lines.  In  the  east  tier  of  qaarter  sections 
of  the  west  tier,  each  quarter  section  is  40  chains  on  the  east  and  west 
township  and  section  lines. 

EzampU.  Let  1,  2,  3  and  4  represent  4  townships  north  of  the  base 
line.  Township  number  1  will  be  6  miles  on  the  base  line,  and  the 
North  boundary  of  section  6,  in  township  1  =  7923,8  links. 

Korth  boundary  of  section  6,  in  township  2  =7847,7  links. 

North  boundary  of  section  6,  in  township  3  =  7771,5  links. 

North  boundary  of  section  6,  in  township  4  =  7695,4  links. 

Here  we  make  the  south  line  of  sec.  3^,  in  township  5  =  8000     links. 

271.  Tovmships  are  subdivided  into  36  sections,  numbered  from  east  t< 
west  and  west  to  east,  according  to  the  annexed  diagram.  Lot  1  invari- 
ably begins  at  the  N.£.  comer,  and  lot  6  at  the  N.W.;  lot  3^  at  S. W.,  and 
lot  36  at  the  S.£.  corner. 

Surplus  or  deficiency  is  to  be  thrown  into  the  north  tier  of  quarter  sec- 
tions on  the  north  boundary,  and  in  the  west  tier  of  quarter  sections  on 
the  west  boundary  of  the  township. 
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North  and  South  Section  Lines  Bow  to  be  Surveyed. 

272.  Each  north  and  south  section  line  must  be  made  1  mile,  except 
those  which  close  to  the  north  boundary  line  of  the  township,  so  that  the 
wc«B8  or  deficiency  will  be  thrown  in  the  north  range  of  qaarter  sec- 
tiona ;  til,  in  running  north  between  sections  1  and  2,  at  40,00  chains, 
^sUbUsh  the  quarter  section  comer,  and  note  the  distance  at  which  you 
i&tersect  the  north  bonndaiy  of  the  township,  and  also  the  distance  yon 
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fftll  eut  or  vest  of  the  corresponding  section  comer  for  the  township  to 
the  north ;  and  at  said  intersection  establish  a  comer  for  the  sectioBS 
between  which  yon  are  sarreying. — Old  Instructions,  p.  9,  sec  28. 

JEasl  and  West  Section  Linet.    Random  or  Trial  Linet, 

*  278.  All  east  and  west  lines,  except  those  closing  on  the  west  bonndsiy 
of  the  township,  or  those  crossing  navigable  water  coorses,  will  be  ran 
from  the  proper  section  comers  east  on  random  lines  (without  blazing), 
for  the  corresponding  s^tion  comers.  At  40  chains  set  temporary  post, 
and  note  the  distance  at  which  yon  intersect  the  range  or  section  line,  and 
your  falling  north  or  south  of  the  comer  run  for.  From  which  ooraer 
yon  will  correct  the  line  west  by  means  of  offsets  from  stakes,  or  some 
other  marks  set  up,  or  made  on  the  random  line  at  conrenient  distances,  and 
remoTC  the  temporary  post,  and  place  it  at  ayerage  distance  on  the  trtu 
2me,  where  establish  the  quarter  section  comer.  The  random  line  is  not 
marked  but  as  little  as  possible*  The  brushwood  on  it  may  be  cut.  The  true 
line  will  be  blazed  as  directed  hereafter.  The  east  and  west  lines  in  the 
west  tier  are  by  some  run  from  comer  to  comer,  and  by  others  at  right 
angles  to  the  north  and  south  a^acent  lines. 

JEaat  and  Wett  lAnu  Interseeiinff  Navigable  Streame. 

274.  Whenerer  an  east  and  west  section  line  other  than  those  in  the 
west  range  of  sections  crosses  a  narigable  river,  or  other  water  cou^ 
yon  will  not  ran  a  random  line  and  correct  it,  as  in  ordinary  oases,  where 
there  is  no  obstruction  of  the  kind,  but  you  will  run  east  and  west  on  a 
true  line  (at  right  angles  to  the  acffacent  north  and  south  Une)  from  the  proper 
section  comers  to  the  said  river  or  navigable  water,  and  make  an  aceurais 
eomuetion  between  the  comers  established  on  the  opposite  banks  thereof; 
and  if  the  error,  neither  in  the  length  of  the  line  nor  in  the  falling  north 
or  south  of  each  other  of  the  fractional  comers  on  the  opposite  banks, 
exceeds  the  limits  below  specified  in  these  instructions  for  the  closing  of 
a  whole  section,  you  will  proceed  with  your  operations.  If,  however,  the 
error  exceeds  those  limits,  you  will  state  the  amount  thereof  in  your  field 
notes,  and  proceed  forthwith  to  ascertain  which  line  or  lines  may  have 
occasioned  the  excess  of  error,  and  reduce  it  within  proper  bounds  by  re- 
surveying  or  correcting  the  line  or  lines  so  ascertained  to  be  erroneous, 
and  note  in  your  field  book  the  whol^  of  your  operations  in  determining 
what  line  was  erroneous,  and  the  correction  thereof.  (See  Old  Instroe- 
tions,  p.  10,  sec.  82.)    Limits  in  closing  ss  160  links. 

Note.  From  sec.  272  we  find  that  the  north  and  south  lines  are  intended 
to  be  on  the  true  meridian  from  the  south  line  of  the  township  to  its  north 
boundary.  This  is  the  intention  of  the  act  Feb.,  1805.  From  sec.  278  we 
find  that  in  the  east  6  tiers  of  sections  of  every  township,  a  true  line  is 
that  which  is  run  from  post  to  post,  or  from  "  a  comer  to  the  correspond- 
ing comer  opposite." 

But  in  the  west  tier  of  sections,  a  true  line  is  that  which  is  ran  at  right 
angles  to  the  adjacent  north  and  south  line ;  that  is,  the  north  and  south 
line  must  be  run  before  the  east  and  west  Une  can  be  established.  This 
agrees  with  the  above  act,  which  requires  that  certain  lines  are  to  be  ran 
due  east  or  west,  as  the  case  may  be. — Old  Instructions,  p.  10. 
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Note  2.  In  many  of  the  old  sanreys,  the  field  notes  show  that  the  snr- 
Tejor  ran  from  corner  to  comer  on  the  west  and  north  tiers  of  sections. 
This  appears  to  be  the  case  in  town.  89  N.,  range  14  £.,  of  the  third 
principal  meridian,  purveyed  by  Mr.  John  Wall  in  1821.  This  will  also 
appear  from  the  Old  Instructions,  p.  54,  sec.  21,  where  it  is  stated  as 
follows :  **JPr$viotu  to  1828,  spme  of  the  deputies  considered,  in  making 
the  calculations  of  the  area  of  the  north  and  west  tiers  of  quarter  sections 
in  a  township,  that  the  quarter  section  comers  on  the  township  and  range 
lines  were  common  to  the  sections  on  both  tides  of  the  line,  whilst  others 
adopted  the  method  now  in  use,  and  particularly  explained  in  diagram 
numbers  4  and  6,''  At  one  time,  some  of  the  deputy  surveyors,  in  sub- 
diriding  a  township  through  which  a  navigable  etream  passied,  ran  a  ran- 
dom line  etut  between  the  proper  sections,  and  corrected  it  toeei,  making 
the  comer  to  the  fractional  sections  on  both  banks  of  the  river,  and  on  the 
true  Une.     Others  pursued  the  method  as  now  required. 

Jfote  3.  From  this  appears  the  necessity  of  having  a  copy  of  the  origi- 
nal Field  Notes,  so  as  to  know  which  method  to  pursue  in  order  to  re- 
establish any  line  or  comer,  and  to  know  if  the  surveyor  deposited 
charcoal  at  the  comer  or  comers. 

Insuperable  Obstacles,     Witness  Points, 

276.  Whenever  your  course  may  be  obstructed  by  insuperable  obstacles,, 
such  as  ponds,  swamps,  marshes,  lakes,  rivers,  creeks,  etc.,  you  will  pro- 
long the  line  across  such  obstacles,  by  taking  the  necessary  right  angle 
offsets,  or,  if  this  is  inconvenient,  by  a  traverse  or  trigonometrical  oper- 
ation, until  you  regain  the  Une  on  the  opposite  side.  And  in  case  a  north  and 
south,  or  a  true  east  and  west  line  is  regained  in  advance  of  any  obstacle, 
yon  will  prolong  and  mark  the  line  baok  to  the  obstacle  so  passed,  and 
state  all  the  particulars  in  relation  thereto  in  your  field  notes ;  and  at  the 
intersection  of  lines  with  both  margins  of  impassable  obstacles,  you  wiU 
establish  a  witness  point  (fbr  the  purpose  of  perpetua.ting  the  intersectlona 
therewith),  by  setting  a  post,  and  giving  in  your  field  notes  the  course  and 
distance  therefrom  to  two  trees  on  opposite  sides  of  the  line,  each  of  which 
trees  you  will  mark  with  a  blaze,  and  notch  facing  the  post,  except  on  the 
margins  of  navigable  water  courses  or  navigable  lakes.  In  these  casea 
you  will  mark  the  trees  with  the  proper  number  of  fractional  section^ 
township  and  range. — 0.  L,  p.  7,  sec.  22.  This  8ec«  is  the  same  as 
that  in  the  N.  I.,  p.  3. 

Note,  In  fractional  townships  it  appears  that  the  north  and  south  lines 
are  first  established,  and  afterward  the  east  and  west  lines  are  run  due 
east  and  west,  or  at  right  angles  to  the  north  and  south  lines.  (See  the 
U.  8.  act  11  Feb.»  1805,  and  sections  272  and  278.) 

Note  2.  It  appears  from  the  manuals  that^  where  a  north  and  south 
line  meets  a  navigable  stream,  it  runs  directly  across  it,  and  that  some 
rarveyors  run  directly  across  navigable  waters  on  east  and  west  lines,  and 
others  close  on  it,  showing  the  jog  or  difference  in  closing,  which  must  not 
be  more  than  150  links  from  a  straight  line.  Hence  it  appears  that  where 
the  official  field  notes  do  not  show  a  jog,  none  exists. 

• 

Limits  in  Closing, 

276.    Any  excess  or  deficiency  in  the  length  of  any  township  boundary 
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line,  or  excess  of  error  in  the  falling  off  from  the  comer  to  which  nof 
closing  township  line  shall  be  run,  that  maj  exceed  five  chains,  or  any 
excess  or  deficiency  exceeding  one  chain  in  the  length  of  any  section  line, 
or  excess  of  error  in  falling  off  from  the  comer  to  which  any  secdon  line 
shall  be  run,  that  shall  exceed  one  chain  in  closing  the  lines  of  a  whole 
section ;  and  at  the  same  rate  for  the  section  lines,  and  at  the  same  rate 
of  one  chain  and  fifty  links  per  mile  of  the  meanders  {iraverge  turvey),  in 
closing  the  meanders  of  a  navigable  rlTcr,  or  other  water  coarse,  with  the 
line  or  lines  of  a  fractional  section,  must  be  corrected  by  you,  and  reduced 
within  those  limits,  before  leaying  the  ground,  by  resunreying  the  line  or 
lines  which  may  have  occasioned  the  excess  or  deficiency  in  the  length  of 
such  township  or  section  line,  or  excess  of  error  in  closing  the  lines  of  a 
township,  or  of  a  whole  or  fractional  section.— O.  I.,  p.  8,  sec.  26. 

Meandering  of  NavigahU  Streams. 

277.  Standing  with  the  faoe  looking  down  the  stream,  the  bank  on  the 
left  is  termed  the  ''left  bank,"  and  that  on  the  right,  the  "right  bank." 
Both  these  banks  are  to  be  meandered  (traversed)  by  taking  the  bearings 
and  distances  of  their  sinuosities,  and  the  same  entered  in  the  field  book. 

Where  township  or  section  lines  cross  navigable  waters,  the  line  is 
marked  by  posts, 'and  bearing  trees,  and  mounds,  as  the  case  may  require 
at  the  time  of  running  those  lines. 

In  meandering y  you  are  to  commence  at  one  of  those  ooraers  and  meander 
to  the  next  meander  comer,  carefully  noting  your  intersections  with  all 
meander  comers.     The  opposite  bank  is  to  be  meandered  in  like  manner. 

The  crossing  distance  between  the  meander  comers,  on  the  tame  Itne,  is  to 
be  ascertained  by  triangulation,  in  order  that  the  river  may  be  protracted 
with  entire  accuracy.     The  particulars  to  be  given  in  the  field  book. 

All  lakes  and  deep  ponds  of  the  area  of  25  acres  and  upwards,  also  all 
bayous,  shallow  ponds  readily  to  be  drained,  are  not  to  be  meandered. 

Notice  all  streams  of  water  falling  into  the  river,  lake  or  bayou  you  are 
surveying,  stating  the  width  at  their  mouth  *,  also  all  springs,  noting  their 
size,  depth,  and  kind  of  water ;  also  the  head  and  mouth  of  all  bayous, 
and  all  islands,  rapids  and  bars  are  to  be  noticed,  with  intersections  to 
their  upper  and  lower  points  to  establish  their  exact  situation.  Note  the 
elevation  of  the  banks  of  rivers  and  streams,  the  heights  and  falls  of  cas- 
cades, and  the  length  of  rapids. 

m 

Trees  are  Marked  for  Line  and  Searing  Trees. 

278.  All  trees  left  standing  on  a  line  are  marked  with  8  marks  or 
blazes  on  front  and  rear;  the  distance  on  the  line,  the  kind  of  timber,  and 
diameter,  is  marked  in  the  field  book. 

Trees  are  also  marked  on  both  sides  of  the  line,  making  one  blaie  on 
the  front,  another  on  the  rear,  and  one  on  the  side  next  the  line.  By 
these  means  the  situation  of  the  line  may  be  determined  approximately 
at  a  future  time.     (See  sec.  211.) 

Hots.  It  is  hard  to  expect  a  trae*  line  from  comer  to  comer  where 
trees  are  allowed  to  stand  on  the  line.  The  Canadian  plan  of  cutting 
everything  off  the  line  is  preferable. 

279.  Townehijt  eomere  are  marked  by  a  post,  whose  4  sides  are  marked 
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by  6  aotehes,  directed  to  the  4  cardinal  points.  Posts  to  be  8  feet  aboTe  the 
groan^  not  pointed  bat  set  in  the  ground.  There  are  to  be,  when  possi- 
ble, 4  bearing  trees  marked,  1  in  each  township,  each  having  a  large  blaze 
ftcing  the  post,  having  marked  thereon  with  a  marking  iron  the  range, 
township  and  section. 

280.  Section  eomert  have  4  bearing  trees,  one  in  each  section.  Quarter 
tectum  eomert  haye  but  two  bearing  trees.  The  bearings,  distances,  wood, 
and  diameter  of  these  are  entered  in  the  field  book. 

The  section  comer  post  will  be  notched  on  two  sides. 

Sxample.  The  post  comer  sections  9,  10,  15,  16,  will  have  2  marks  or 
notches  on  the  north  side  and  4  on  the  south  side,  to  signify  that  this  is 
2  miles  from  the  north  boundary  and  4  miles  from  the  south  boundary. 
Bearing  trees  have  the  sections  cut  on  them. 

Xote.  It  If  ould  be  well  in  this  example  to  have  8  marks  on  the  east 
ude,  to  show  that  it  is  three  miles  from  the  east  boundary  of  the  township. 
These  notches  would  at  any  future  time  enable  us  to  know  which  comer 
we  are  at  in  the  absence  of  bearing  trees. 

281.  Towfuhip  comers  in  a  prairie,  or  other  situation  where  bearing  or 
witness  trees  are  not  at  hand,  will  be  perpetuated  by  depositing  in  the 
ground,  and  at  least  8  inches  beneath  the  natural  surface  thereof,  a  por- 
tion of  charcoal  (the  quantity  to  be  specified  in  your  field  notes),  not  less 
than  two  quarts  at  the  place  of  such  corner,  over  which  you  will  erect  a 
mound  of  earth  8  feet  high,  5  feet  square  at  the  base,  and  2  feet  square 
at  the  top,  the  sides  whereof  must  be  revetted  or  faced  with  sods  laid  hori- 
lontally  and  in  successive  layers  on  each  other,  each  of  said  layers  having 
an  offset  inwards,  corresponding  to  the  general  slope  of  the  face  of  the 
mound ;  in  this  there  is  to  be  a  post  which  must  rise  1  foot  above  the  top 
of  the  mound.  Or  you  will  deposit  at  the  place  of  the  corner  8  stones, 
not  less  than  5  inches  square  by  8  inches  thick,  all  of  which  you  will 
describe  in  the  field  notes.  The  top  of  the  uppermost  stone  to  be  8  inches 
below  the  natural  surface  of  the  ground,  and  the  other  2  successively  and 
beneath  the  first ;  and  over  said  stone  erect  a  mound,  as  if  it  were  made 
over  charcoal  or  stone.  You  may  perpetuate  the  comer  by  inserting  end- 
vays  into  the  ground,  a  stone  of  the  dimensions  marked,  and  set  in  the 
manner  mentioned,  over  wUch  no  mound  need  be  erected. 

282.  If  a  toumtkip  comer,  where  bearing  or  vritneee  trees  are  not  to  be  found 
vitAm  a  reasonable  distance  therefrom,  shall  fall  within  a  ravine,  or  any 
other  situation  unfavorable  to  the  erection  of  a  mound,  you  will  select  in 
the  vicinity  thereof  a  suitable  plot  of  ground  as  a  site  for  a  bearing  or 
witness  mound,  and  erect  thereon  a  mound  of  earth,  as  if  it  were  at  the 
township  comer,  with  charcoal  or  stone  deposited  beneath,  as  before 
directed  for  township  comer,  and  measure,  and  state  in  your  field  notes 
the  distance  and  course  from  the  position  of  the  true  comer,  of  the  bear- 
ing or  witneta  mound  so  placed  and  erected. 

Witness  Mounds  to  Section  Comers. 

'  288.  Section  comers,  where  bearing  or  witness  trees  cannot  be  had, 
^iU  be  made  as  if  for  a  township  corner,  except  that  where  mounds  are 
Bttde  they  need  be  only  2  feet  6  inches  high,  by  4  feet  square  at  the  base, 
«^  2  feet  at  the  top. 


Witness  mounds  to  quarter  section  comers  are  3  feet  6  inclies  at  base,  1 
ot  6  inches  square  at  top.  Under  the  post  no  charcoal  or  stone  is  pat. 
-Old  Instructions,  sec.  18,  19,  20  and  21. 

In  the  aboTe  we  do  not  find  the  manner  of  digging  the  pits  for  the 
ounds,  but  the  following  f^om  the  New  Instmotions  shows  the  manner 
)W  adopted: 

"At  the  point  or  comer  dig  out  a  spadeful  or  two,  and  in  the  cavity 
it  a  stone  or  charcoal,  which  note  in  the  field  book.  A  charred  stake  is 
-Iven  12  inches  in  the  gronnd,  and  in  the  centre  of  the  cavity.  Either 
'  these  will  be  a  witness  for  the  future.  The  spot  from  which  the 
trth  for  the  mound  is  taken  is  called  a  pit  The  pits  are  made  at  uni- 
rm  distances  from  the  centre  on  each  side  of  etery  mound,  so  as  to  indi- 
kte  hereafter  the  place  of  the  mound,  when  it  may  become  obliterated  by 
me  or  accident.  Mounds  are  to  present  a  conical  shape.  There  is 
ig  around  the  base  a  quadrangular  trench,  1  spadeful  deep  of  earth.  At 
>out  18  inches  from  this  trench,  dig  pits  at  the  4  cardinal  points ;  the 
ngth  of  the  north  and  south  pits  to  be  east  and  west,  and  those  of  the  east 
id  west  pits  to  be  north  and  south. 

284.  For  comer  mounds  common  to  2  townships,  or  2  sections,  the 
ladrangular  trenches  at  north  and  south  are  at  right  angles  to  the  north 
id  south  line ;  but  where  the  mound  is  common  to  4  townships,  or  4 
ctions,  the  north  and  south  line  cuts  the  quadrangle  diagonally."  (See 
ew  Instructions,  diagram  0.) 

Courtes  and  Distances  to  Witness  Trees. 

285.  Tou  will  ascertain  and  state  in  your  field  notes  the  course  «nd 
stance  from  the  several  section  and  township  comer  posts,  trees  or 
ones,  to  a  tree  in  each  section  for  which  they  stand  as  a  corner.  Each 
'  said  trees  you  will  mark  with  a  notch  and  blace,  facing  the  post,  tree  or 
.one ;  the  notch  to  be  at  the  lower  end  of  the  blate,  and  on  it,  which 
ust  be  neatly  made.  Mark  with  a  marking  iron,  in  a  plain,  permanent 
lanner,  the  letter  <S,  with  the  number  of  the  section,  and  over  it  the 
tter  T,  with  the  number  of  the  township,  and  above  this  the  letter  R, 
ith  the  number  of  the  range.  Where  there  is  no  tree  within  reasonable 
Lstanoe  of  the  comer,  note  that  in  the  field  note8.-^-0. 1.,  p.  5,  sec.  17. 

286.  From  this  we  infer  that  at  township  corners  4  trees  are  marked, 
id  also  at  section  comers ;  but  at  quarter  section  comers  only  2  are 
arked. 

Note,  This  does  not  point  out  the  necessity  of  describing  the  kind  of 
'ee  marked,  and  its  diameter,  although  we  find  that  all  the  Government 
Bid  notes  ^ve  the  kind  of  tree,  and  its  diameter.  In  the  specimen  field 
[>ok,  the  bearing  trees  are  described  with  reference  to  their  diameter 
ad  wood. 

Quarter  section  comers  hffre  simply  a  blaze,  and  \  S  marked  on  it,  and 
^0  bearing  trees  marked. 

Hote  2.  Surveyors,  in  getting  out  of  wood  into  open  land  or  prairie, 
re  always  accustomed  to  mark  line  trees,  and  to  describe  the  kind 
r  wood  and  their  diameters,  and,  if  possible,  they  mark  another  tree 
r  trees  on  the  opposite  side  of  the  mound,  on  the  same  line.  By  these 
leans  the  place  of  the  mound  can  be  determined,  if  these  trees  are  to 
e  found. 
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287.  Corner  Sionet.  These  stones  not  to  be  less  than  a  stone  14 
iickes  long  by  12  inches  wide,  and  3  inches  thick  ;  are  set  with  the  edge 
leiog  north  and  south,  for  north  and  south  lines,  and  east  and  west,  for 
^t  and  west  lines ;  thej  are  to  be  7  or  8  inches  in  the  grotind.  ^bere 
Umea  are  placed  as  range  and  township  lines,  as  many  notches  will  be 
btinctlj  ont  with  a  chisel  oi*  pick  on  the  two  sides,  in  direction  of  tha 
ae,  as  the  comer  is  sections  from  the  nearest  section  comers.  At  town- 
up  comers,  6  notches  will  be  cut  on  each  edge  or  side  toward  the  car« 
nal  points.  At  section  comers  in  the  interior  of  a  township,  as  many 
itfches  will  be  cut  on  the  south  edge  and  east  side  as  the  corner  is  sections 
itaot  fVom  the  south  and  east  boundaries  of  the  township.  At  the  comers 
•nbdiYisiona]  intersections  with  the  north  boundaries  of  the  townships, 
lotchea  on  the  south  edge,  and  at  (he  intersections  with  the  west  bound-^ 
r  6  notehes  on  the  east  edge,  and  as  many  notches  on  the  north  or  south 
M,  aa  the  case  may  require,  as  the  cornef  is  sections  distant  from  the 
m&hip  corner.  Quarter  section  comer  stones  will  have  ^  S  on  the 
ft  aide,  on  north  and  south  lines ;  and  on  the  north  side,  on  east  and 
It  Uoea. — Old  Instrtoictions,  p.  5,  sec.  16  and  17. 

88.  Ifote.  These  two  sections  from  the  Old  Instructions  are  the  same  in 
itanee  as  those  giren  in  the  New  Instructions.  7  or  8  inches  without 
Dimd  will  not  be  deep  enough ;  better  haye  it  at  least  1  foot  in  the 
md,  and  then  build  a  heap  of  stones  around  it,  and  afterwards  a  mound* 
er  ererj  stone  there  ought  to  be  some  charcoal,  broken  delf,  glass  or 
i  of  iron,  or  a  stone,  into  which  a  hole  1  inch  deep  is  cut,  to  perpetuate 
Beatre  or  true  comer. 

be  BiAiinals  do  not  mention  which  part  of  the  stone  is  to  be  taken, 
the  ushaI  custom  is  to  take  the  middle,  unless  something  to  the 
fury  is  mentioned. 

le  New  Manual  of  Instructions  gives  a  specimen  field  book  of  township 
;.y  raiDge  2  W.,  Williamette  meridian. 

these  it  appears  that  the  comers  on  the  north  and  west  boundaries 
0  tfnrnship  haTc  been  made  common  to  the  adjacent  townships. 
mX  in  every  case  the  north  and  south  lines  crossed  rivers  and  lakes  on 
Mune   line,  excepting  on  the  line  between  4  and  6,  where  the  river 

iritJ&in  4,00  links  of  the  north  boundary.     Here  he  ran  south  as 


tbe  eomer  to  sections  4,  5,  82  and  83,  on  the  north  boundary  of 
BPirnsIiip,  I  ran — 

ath  on  »  true  line,  between  sections  4  and  5* 
^  Variation  18**  east. 

A  white  oak,  15  inches  diameter. 

JSet  a  post  on  the  right  bank  of  Chickeeles  RiTer,  for  comer  to 
onal   sections  4  and  5,  from  which  a  bur  oak,  16  inches  diameter^ 
JO'.  2S^  £.y  8^  links  distance ;  a  black  oak,  20  inches  diameter,  bears 
«»  ^r*,  21  links. 

m  tliese  field  notes  we  find  that  the  north  and  south  lines  haye 
kI  ft  naTigsble  stream  and  lakes  on  8  lines,  and  on  straight  linesi 
tlae  mt>oTe  exception. 

%t,  on  the  east  and  west  lines,  4  lines  crossed  a  nayigable  river,  2  of 
\  nre  on.  %  straight  line,  one  makes  a  jog  of  12  links,  and  the  other 
o€  IC  links. 
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Manual  of  Old  Instructions  fcives  specimen  field  notes,  showing  that  fhe 
Tariation  has  been  taken,  and  that  compared  with  the  east  boundary  of 
the  township.  That  the  north  and  south  section  lines  are  nm  staight 
across  naTigable  water. 

That  jogs  are  made  on  the  north  and  west  boundary  lines.  That  the 
amount  of  each  jog  or  offset  is  inrariably  gi^en. 

That  on  east  and  west  lines  crossing  navigable  rivers,  jogs  are  made, 
and  the  amount  shown,  how  determined,  and  the  distance  between  t))e 
eorreppooding  comers  on  the  river. 

Both  Instructions  show  that  in  meandering,  the  surveyor  begins  at  some 
fractional  corner,  and  traverses  along  the  stream  to  the  next  comer,  ud 
BO  on  from  section  line  to  section  line. 

Note  2.  Hence  it  appears  that  a  traverse  survey  is  not  to  be  used  m 
determining  where  a  section  line  crossed  or  met  a  river.  (See  Re-estab- 
iishing  Lost  Comer.) 

BUMMABT  or  OBJBCTS   AUD  DATA  EEQVIBXD  TO  BB  SOTBD. 

289.     Lengths  of  all  lines,  with  the  offsets  thereon. 

The  kind  and  diameter  of  all  bearing  trees,  with  the  courses  and  dis- 
tances of  the  same  from  their  respective  comers. 

The  material  of  which  mounds  are  constructed ;  the  bearing  of  the  piti 
from  which  the  earth  was  dug  from  the  centre ;  the  material  put  under 
the  post — if  charcoal,  etc. ;  how  much. 

7^ee8  on  the  line  ;  their  names,  diameters  and  distance  on  the  Una 

InterteetioM  by  the  line  of  land  o^'ee^,  and  the  distance  to  each  settler*! 
claim,  and  also  at  leaving  it 

Distances  to  and  at  leaving  woods,  prairies,  rivers,  creeks,  lakes,  ravines, 
top  and  bottom  of  hills,  bottom  or  swamp  lands,  underbrush  or  brushwood. 

Describe  the  sw/aee  of  the  land — whether  level,  rolling^  or  hilly. 

The  soil — whether  first,  second,  or  third  rate  quality. 

The  several  sorts  of  timber  and  undergrowth,  in  the  order  in  which  they 
predominate. 

Bottom  lands — whether  wet,  dry,  or  subject  to  inundation.  If  subject 
to  be  inundated,  show  to  what  depth. 

Note,  It  would  be  well,  as  in  Europe>  to  show  the  high  and  low  water 
tnark. 

Springs  of  water — if  fresh,  saline,  or  mineral ;  with  the  course  of  tk« 
Btream  flowing  from  them. 

Note,  This  supposes  that  the  surveyor  has  a  knowledge  of  chemistry. 
To  those  who  have  not  such  knowledge,  we  refer  them  to  the  Sequd  for 
%>ur  sections  on  analysis  of  soils,  water,  and  ashes  of  plants. 

Lakes  and  ponds — describe  their  banJLs;  give  their  height^  depth  of 
^ater,  and  whether  the  water  is  pure  or  stagnant. 

Note.  State  if  there  is  any  inlet  or  outlet,  and  the  course  of  these 
coming  to  or  leaving  the  lakes  or  ponds. 

Improvements,  towns  and  villages,  Indian  towns  and  wigwams,  houses^ 
isabins,  fields,  sugar  tree  groves,  sugar  camps,  mill  seats,  forges  and 
factories. 

Coal  banks  or  beds,  peal  or  turf  grounds,  mi$ierals  and  ores ;  with  s 
description  of  their  quality  and  extent,  and  all  diggings  therefor ;  slao 
salt  springs  and  lakes. 


1 
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Roads  and  indU  (or  pathways),  with  their  directions — ^whence  they  come 
and  whither  they  go. 

Rapids,  cataracts,  cascades,  or  falls  of  water,  with  the  height  of  their 
falls  in  feet. 

Precipices,  cares,  sink  holes,  rayines,  stone  quarries,  ledges  of  rocks, 
vith  the  kind  of  stone  they  afford. 

Natural  curiosities,  interesting  fossils,  petrifications,  organic  remains, 
etc. ;  also  all  ancient  work  of  art,  such  as  mounds,  fortifications,  embank- 
nents,  ditches,  or  objects  of  like  nature. 

Thi  Toriation  of  the  needle  muet  be  noted  at  all  points  or  places  on  the  lines 
where  there  is  found  any  material  change  of  variation,  and  the  positions  of  stick 
points  nmst  be  perfectly  identified  in  the  field  notes. 

Besides  the  ordinary  notes  taken  on  the  line  (and  which  must  always  be 
written  down  on  the  spot,  leaying  nothing  to  be  supplied  by  memory),  the 
deputy  will  subjoin,  at  the  conclusion  of  his  book,  such  further  description 
or  information  touching  any  matter  or  thing  connected  with  the  township 
(or  other  surrey),  which  he  may  be  able  to  afford,  and  may  deem  useful 
or  necessiry  to  be  known,  with  a  general  description  of  the  township  in 
^  aggregate,  as  respects  the  face  of  the  country,  its  soil  and  geological 
featnres,  timber,  minerals,  water,  etc. — ^New  Instructions,  pp.  17,  18. 

Note,  Surreyors  keep  a  loose  or  random  field  book,  where  they  keep 
the  notes  in  running  lines  from  comer  to  comef,  and  crossing  rivers, 
lakes,  etc. ;  and  when  they  haye  performed  the  work,  copy  the  result  into 
the  proper  field  book.  That  this  has  been  the  custom  with  surveyors  will 
appear  by  referring  to  their  field  books,  where  the  crossing  distances  on 
mers,  etc.,  are  g:iyen  without  the  necessary  notes. 

290.    Field  Note*  of  the  Sitbdivieion  Lines  and  Meanders  of  Chickeeles  Rivera 
m  Township  25  If.,  Range  2  W.,  Williamette  Meridian. 


/^»<yff 


40,05 
S0,09 


To  determine  the  proper  adjustment  of  my  compass  for  sub- 
dividing  this  township,  I  cdmmence  at  the  comer  to  townships 
24  and  25  K.,  range  1  and  2  W.,  and  run  north  on  a  blank  line 
along  the  east  boundary  of  section  86, 

Variation  17«  bV  E. 

To  a  point  5  links  west  of  the  quarter  section  comer. 

To  a  point  12  links  west  of  the  comer  to  sections  25  and  86. 

To  retrace  this  line,  or  run  parallel  thereto,  my  compass  must 
be  adjusted  to  a  variation  of  17^  46^  £. 

Note.  12  divided  by  8009  gives  ,00149,  which  is  the  natural 
sine  of  5  minutes ;  and  because  the  blank  line  was  run  west  of 
the  true  line,  the  correction  is  to  be  taken  from  17°  51^,  which 
will  give  the  true  magnetic  variation  of  the  east  side  of  section 
86.  The  variation  here  is  not  that  from  the  true  meridian,  but 
is  that  from  the  section  line  assumed  as  base  or  meridian. 

Subdivition  Commenced  February  1,  1851. 

291.  From  the  comer  to  sections  1,  2,  3,  5  and  36,  on  the 
south  boundary  of  the  township,  I  ran^ 
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Cbaloi. , 
9,19  I 

29,97 

40,00 


51,00 
71,00 
80,00 


Chuina. 

9,00 
16,00  1 
40,00 
66,00 

72,00 
8P,00 


40,00 


80,00 


Chains. 


40.00 
80,11 


40,11 


A  beech,  80  inches  diameter  (marked  3  blazes  on  front  and 
A  beech,  30  inches  diameter  (on  line  marked  as  above). 

Set  a  post  for  quarter  section  corner,  from  which — 
A  beech,  8  inches  diameter,  bears  N.  23^  W.,  45  linka  dist. 
A  beech,  15  inches  diameter,  bears  S.  48°  £.,12  linka  dist. 
A  beeob,  18  in.  diam.  (this  is  a  line  tree,  and  marked  as  above). 
A  sugar  tree  (maple),  30  inches  diameter. 

Set  a  post  for  comer  to  sec.  25,  26,  35  and  36,  fh>m  whieh — 
A  beech,  28  Inches  diameter,  bears  N.  60^  £.,  46  linka  dist. 
A  beech,  24  inches  diameter,  bears  X.  62°  W.,  17  links  dist. 
A  poplar,  20  inches  diameter,  bears  S.  70°  W.,  60  links  disL 
A  poplar,  36  inches  diameter,  bears  S.  66°  £.»  84  links  dist. 

Land  level ;  second-rate  quality. 

Timber — poplar,  beech,  sugar  tree,  and  some  oak, 
and  hazel. 


£ast  on  a  random  line,  between  sections  25  and  3^ 

Variation  17»  46^  £. 

A  brook,  20  links  wide,  runs  north. 
To  foot  of  hill ;  bears  north  and  south. 

Set  a  post  for  (tmporary  quarter  section  comer, 
To  opposite  foot  of  hill ;  bears  north  and  south. 
A  brook,  15  links  wide,  runs  north. 

Intersected  the  east  boundary  at  the  comer  post  to  seetioas 
and  86,  firom  which  comer  I  ran — 
West,  on  a  true  line,  between  sections  25  and  36. 

Variation  17°  46^  £. 

Set  a  post  on  top  of  hill ;  bears  north  and  south;  from  wlii( 
A  hickory,  14  inches  diameter,  bears  N.  60°  £.,  27  links  disL 
A  beech,  15  inches  diameter,  bears  S.  74°  W.,  9  links  disL 
The  corner  to  sections  25,  26,  35  and  36. 

Land — east  nnd  west  parts  level;   first-rate.     Middle 
broken,  and  third-rate. 

Timber — ^bcech,  oak  and  ash ;  undergrowth ;  same  and  spice 
in  the  branch  bottoms. 

We  proceed  as  above,  N.  bet.  25  and  26,  then  £.  bet.  25  aad  86. 
Again,  N.  between  23  and  24,  then  £.  between  24  and  25. 
Again,  N.  between  14  and  13,  then  £.  between  13  and  24. 
Again,  N.  between  11  and  12,  then  £.  between  12  and  13. 
Again,  N.  between  1  and  2,  as  follows : 

North,  on  a  random  /me. 

Variation  17°  46>'  E. 

Set  a  temporary  post  for  quarter  section  comer. 

Intersected  the  north  boundary  of  the  township  82  links 
of  comer  to  sections  1  and  2,  from  which  comer  I  ran — 
South,  on  a  tme  line,  between  sections  1  and  2t 

Variation  18°  E. 
Set  a  post  for  quarter  section  comer,  from  which — 
A  white  oak,  20  inches  diameter,  bears  N.  31°  W.,  66  links  dist 
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Chuna. 
60,11 


8,41 
6,00 
8,00 


25,17 
40,00 


41,90 


16.10 
23,60 


A  sugar  tree,  14  inches  diameter,  bears  S.  49^  £.,  32  links  dist. 

The  corner  to  sections  1,  2,  11  and' 12. 

Land  level ;  good ;  rich  soil. 

Timber — walnat,  sugar  tree,  beech,  and  Tarious  kinds  of  oak ; 

open  woods.  February  2,  1851. 

• 

Kott.     Here  we  find  that  the  line  between  sections  1  and  2  is 

run  from  post  to  post,  making  no  jog  or  offset  on  the  north 

boundary  of  the  township ;  and  that  the  south  quarter  sections 

in  the  north  tier  of  sections  are  40  chains,  frem  south  to  north, 

leaying  the  surplus  of  11  links  in  the  north  tier  of  quarter 

sections. 

Fidd  NoU»  of  a  lAm  Crastinff  a  Navigable  Stream  on  an  Bast  and 

Wett  Line, 

292.  West,  on  a  true  line,  between  sections  SO  and  81,  know- 
ing that  it  will  strike  the  Chickeeles  River  in  less  than  80,00 
chains.  Variation  \1^  W  E. 

A  white  oak,  15  inches  diameter. 

LeaTo  upland,  and  enter  creek  bottom,  bearing  N.E.  and  S.W. 
Elk  creek,  200  links  wide ;  gentle  current ;  muddy  bottom  and 
banks ;  runs  S. W. 

Ascertained  the  distance  across  the  creek  on  the  line  as  follows : 

Cause  the  flag  to  be  set  on  the  right  bank  of  the  creek,  and  in 
the  line  between  sections  30  and  31.  From  the  station  on  the 
left  bank  of  creek,  at  8,00  chains,  I  run  touth  245  links,  to  a 
point  from  which  the  flag  on  the  right  bank  bears  N.  45^  W., 
which  gives  for  the  distance  across  the  creek,  on  the  line  between 
sections  80  and  81,  245  links. 
A  bur  oak,  24  inches  diameter. 

Set  a  post  for  quarter  dection  corner,  from  which — 
A  buck-eye,  24  inches  diameter,  b^rs  N.  15^  W.,  8  links  dist. 
A  white  oak,  80  inches  diameter,  bears  S.  65**  £.,  12  links  dist 

8et  a  post  on  the  left  bank  of  Chickeeles  River,  a  navigable 
stream,  for  corner  to  fractional  sections  80  and  81,  from  which — 
A  buck-eye,  16  inches  diameter,  bears  N.  50°  E.,  16  links  dist. 
A  hackberry,  15  inches  diameter,  bears  S.  79°  £.,  14  links  dist. 

I»and  and  timber  described  as  above. 

KoU,  We  find  this  part  of  the  line  between  sections  80  and 
81  in  the  Manual  of  New  Instructions,  page  85,  and  the  other  part 
in  page  42,  as  follows :  ^ 

From  the, comer  to  sections  80  and  81,  on  the  west  boundary 
of  the  township,  I  ran — 
East  on  a  (rue  Une,  between  sections  30  and  81. 

Variation  18°  E. 

A  white  oak,  16  inches  diameter. 

Intersected  the  right  bank  of  Chickeeles  River,  where  I  set  a 
post  for  comer  to  fractional  sections  80  and  81,  from  which — 
A  black  oak,  16  inches  diameter,  bears  N.  60°  W.,  25  links  dist. 
A  white  oak,  20  inches  diameter,  bears  S.  85°  W.,  32  links  dist. 

k 
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Chains. 


From  this  comer  I  run  south  12  links,  to  a  point  vett  of  the 
corner  to  fractional  sections  30  and  81,  on  tbe  left  bank  of  the 
rirer.  Thence  continue  south  814  links,  to  a  point  from  which 
the  corner  to  fractional  sections  80-  and  SI,  on  tbe  left  bank  of 
the  river,  bears  N.  72^  E.,  which  gives  for  tbe  distance  aciDss 
tbe  rlTcr  9,65  chains.  The  lengths  of  tbe  line  beiweeik  eeetiou 
80  and  81,  is  as  follows: 


Part  east  of  tbe  river, 
Part  across  tbe  river, 
Part  west  of  tbe  river, 

Total, 


41,90  chainfl. 
9,65     " 
23,60 


«. 


75,05  chains. 


Note.  Here  tbe  method  of  finding  the  distance  across  tht 
river,  and  of  showing  the  amount  of  the  jog  or  deTiatioa  from  a 
straight  line,  is  shown. 

MiANDERuro  NOTES,    {New  Moftual,  p.  42.) 


298.  Begin  at  the  comer  to  fractional  sections  25  and  30,  on  the  raogt 
line.  I  chain  south  of  the  quarter  section  corner  on  said  line,  and  roa 
thence  down  stream,  with  the  meanders  of  the  left  bank  of  Cbickeelea 
River  in  fractional, section  30,  as  follows: 


8.  41°  E. 
S.  49<»  E. 
8.  42<»  E. 
S.12}«E. 

8. 12«  W. 

S.4PW. 
8.  58°  W. 
8.  86°  W. 
S.  20°  W. 

S.28f°W. 


Chains. 

20.00 

15,00 

12,00 

5,80 

18,50 

9,00 
11,00 
11,00 
20,00 

8,80 


At  10-  chains  discoTered  a  line  mineral  spring. 
Here  appeared  tbe  remains  of  an  Indian  Tillage. 

To  tbe  fractional  sections  80  and  81. 

Thence  in  section  81, 

To  mouth  of  Elk  River,  200  links  wide ;   comes  iioB 

tbe  east. 

At  200  links  (on  this  line)  across  tbe  creek. 


At  15  chains,  mouth  of  stream,  25  links  wide,  cooci 
from  S.E. 

To  the  corner,  to  fractional  sections  81  and  36,  on  the 
range  line,  and  8,56  chains  north  of  tbe  comer  to  sec- 
tions 1,  6,  81  and  86,  or  S.W.  corner  to  this  townships 

Land  level,  and  rich  soil ;  subject  to  inundation. 

Timber — oak,  hickory,  beech,  elm,  ete. 


KS-SSTABtlSHINO  LOST  CO&HSRS.     (iVew  IfutructiofUt  p.  27.) 
294.    Let  tbe  annexed  diagram  represent  an  east  and  west  line  betweea 


Sec.  81 

Sec.  32. 
d 

Sec.  88. 

a 

Sec.  84. 

Sec.  86. 

Se&86. 

Sec.  6. 

c 
Sec.  6. 

b 
Sec.  4. 

Sec.  8. 

Sec.  2. 

See.  1. 
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two  toimshipfi,  md  tbat  ail  trtkces  of  tho  corner  to  sectioDS  4,  6,  82  and 
83  are  loet  or  have  disappeared.  I  restored  and  re-established  said  corner 
IB  the  following  manner : 

Begin  at  the  qfitarter  section  comer  marked  a  on  diagram,  on  the  line 
hetweem  sections  4  and  83.  One  of  the  witness  trees. to  this  comer  has 
hXien,  and  the  post  is  gone. 

The  black  oak  {witness  tree),  18  inches  diameter,  bearing  N.  26®  E., 
82  links  distaoce,  is  standing,  and  sound.  I  find  also  the  black  oak  station 
or  line  tree  (marked  t  on  diagram),  24  inches  diameter,  called  for  at 
37,51  -diains,  and  2,49  chains  wecft  of  the  quarter  section  corner.  Set  a 
new  post  at  the  point  a  for  quarter  section  corner,  and  mark  for  witness 
tree.  1.  white  oak,  20  inches  diameter,  bears  N.  34®  W.,  87  links  dist. 
West  with  the  old  marked  line, 

V«riation  18»  26^  E. 

At  40,00  chains,  set -a  post  for  temporary  comer  to  sections  4,  5,  82 
and  83. 

At  80,06  chains,  to  a  point  7  links  south  of  the  quarter  section  comer 
(maiked  c  on  diagram),  on  line  between  sections  5  and  82.  This  corner 
agrees  with  its  description  in  the  field  notes,  and  from  which  I  run  east, 
on  a  tme  line,  between  sections  5  and  82. 

Variation  18*»  22^. 

At  40,08  chains,  set  a  lime  stone,  18  inches  long,  12  inches  wide,  and 
8  inches  thick,  for  the  re^eatablUhed  comer  to  sections  4,  5^  82  and  88, 
from  which — 

A  white  oak,  12  inches  diameter,  bears  N.  21®  E.,  41  links  dist 

A  white  oak,  16  inches  diameter,  bears  N.  2P  W.,  21  links  dist. 

A  black  oak,  18  incihes  diameter,  bears  S.  17®  W.,  82  links  dist 

A  bur  oak,  20  inches  diameter,  bears  S.  21®  £.,  37  links  dist. 

IfoU  1.  The  diagram,  and  letters^,  6,  c,  and  that  part  in  parentheses, 
are  not  in  the  Instructions. 

Xote  2.  Hence  it  appears  that  the  surveyor  has  run  between  the  near- 
est undisputed  comers,  and  divided  the  distance  jtto  rcUay  or  in  proportion 
to  the  original  sabdivision.  Although  in  this  case  the  line  has  been  found 
biased,  and  one  line  or  station  tree  found  standing,  the  required  section 
eomer  is  not  found  by  producing  the  line  from  a,  through  b,  to  d.    Although 

I  have  met  a  few  surveyors  who  have  endeavored  to  re-establish  comers 
in  this  manner,  I  do  not  know  by  what  law,  theory  or  practice  they  could 
have  acted.     It  is  in  direct  violation  of  the  fundamental  act  of  Congress, 

II  Teb.,  1605,  which  says  that  lines  are  to  be  run  **from  one  comer  to  the 
comtponding  eomer  opponte,     (See  sequel  Geodcetical  Juritprudence,) 

Me-^Uabliehing  Loet  Comere,     (From  Old  Instruedoru,  p.  68.) 

295.  Where  old  section  or  township  comers  have  been  completely  de- 
•troyed,  the  places  where  they  are  to  be  re-established  may  be  found,  in 
timber^  where  the  old  biases  are  tolerably  plain,  by  the  inUrtectioru  of  the 
tMt  and  west  lines  with  the  north  and  south  lines. 

If  in  prairie,  in  the  following  manner : 
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Let  the  annexed  diagram  represent 
part  of  tbe  township.  This  example 
is  often  given :  Suppose  that  the  cor- 
ner to  sections  25,  26,  35  and  36  to 
be  missing,  and  that  the  quarter  sec- 
tion corner  on  the  line  between  sec- 
tions 85  and  36  to  be  found.  Begin 
at  the  said  quarter  section  corner, 
and  run  north  on  a  random  line  to  tbe 
firtt  corner  which  can  be  identified, 
which  we  will  suppose  to  be  that  of 
sections  23,  24,  25  and  26. 

At  the  end  of  the  first  40  chains, 
set  a  temporary  post  corner  to  sections 
25,  26,  35  and  86.  At  80  chains,  set 
a  temporary  quarter  section  comer 
post,  and  suppose  also  that  121,20  chains  would  be  at  a  point  dae  east  or 
west  of  said  comer  23,  24,  25  and  26.  Note  the  falling  or  distance  from 
the  corner  run  for,  and  the  distance  run.  Thence  from  said  corner  mn 
south  on  a  true  line,  dividing  the  turplue^  1,20  chains,  equally  between  the 
three  half  miles,  viz.:  At  40,40  chains,  establish  a  quarter  section  cor^ 
ner.  At  80,80  chains,  establish  the  corner  to  sections  25,  26,  35  and  86. 
Thence  to  the  quarter  section  corner,  on  the  line  between  sections  35  and 
36,  would  be  40,40  chains. 

The  last  mentioned  section  corner  being  established,  east  or  west  ran- 
dom or  true  lines  can  now  be  ran  therefrom,  as  the  case  may  require. 

This  method  will  in  most  cases  enable  the  surveyor  to  renew  missing 
corners,  by  re-establishing  them  in  the  right  place. 

But  it  may  happen  that  after  haying  established  the  north  and  sonth 
line,  as  in  the  above  case,  the  corner  to  sections  26,  27,  84  and  35  can  be 
found ;  also  the  quarter  section  corner  on  the  line  between  26  and  85.  In 
this  case  it  might  be  better  to  extend  the  line  from  the  corner  26,  27,  34 
and  35,  to  said  quarter  section  corner,  eiraighi  to  its  intersection  with  the 
north  and  eouth  line  already  ettablished^  and  there  establish  the  comer  to 
sections  25,  26,  35  and  36.  If  this  point  should  differ  much  from  the 
point  where  you  would  place  the  corner  by  the  first  method  laid  down,  it 
might  be  well  to  examine  the  line  between  sections  25  and  36. 

Note  1.  Hence  it  appears  that  the  north  and  south  lines  are  first  es- 
tablished, in  order  that  the  east  and  west  lines  may  be  run  therefrom ; 
and  that  when  the  east  and  west  lines  can  be  correctly  traced  to  the  north 
and  south  line,  that  the  point  of  intersection  would  be  the  required  comer. 
It  is  also  to  be  inferred  that  where  the  lines  on  both  sides  can  be  traced 
to  the  north  and  south  line,  a  point  equidistant  between  the  points  of 
intersection  would  be  the  required  corner. 

Note  2.  It  will  not  do  to  run  from  a  section  or  quarter  section  comer 
on  the  west  side  of  a  north  and  south  line,  to  a  section  corner,  or  quarter 
section,  on  the  east  side  of  the  line,  and  make  its  intersection  with  tbe 
north  and  south  line,  the  required  corner,  unless  that  these  two  lines 
were  originally  run  on  the  same  variation,  which  is  seldom  the  case. 

Note  3.     Having  found  approximately  the  missing  comer,  we  ought  to 
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search  diligently  for  the  remains  of  the  old  post,  mound,  bearing  trees, 
or  the  hole  where  it  stood. 

Bearing  trees  are  sometimes  so  healed  as  to  be  difficult  to  know  them. 
By  standing  about  2  feet  from  them,  we  can  see  part  of  the  bark  cut  with 
an  even  face.  We  eut  obliquely  into  the  supposed  blaze  on  the  tree  to  the 
old  wound.  We  count  the  layers  of  growth,  each  of  which  answers  to  one 
year.  By  these  means  we  find  the  years  sinde  the  survey  has  been  made, 
which,  on  comparing  with  th^  field  notes,  we  will  always  find  not  to  differ 
Bore  than  one  year. 

Remains  of  a  post,  or  where  it  once  stood,  may  be  determined  as  follows : 
Take  the  earth  off  the  suspected  place  in  layers  with  a  sharp  spade.  By 
going  down  to  10  or  12  inches,  we  will  find  part  of  the  post,  or  a  circular 
surface,  haring  the  soil  black  and  loose,  being  principally  composed  of  vege- 
table matter.  By  putting  an  iron  pin  or  arrow  into  it,  we  find  it  partially 
boUow.  We  dig  6  feet  or  more  around  the  suspected  place.  Where  such 
remains  are  found,  we  make  a  note  of  it,  and  of  those  present.  Put  char- 
coal, glass,  delf,  or  slags  of  iron,  in  the  hole,  and  re-establish  the  corner, 
noting  the  circumstances  in  the  field  book. 

ZHtches  or  lockspUUng  are  sometimes  made  on  the  line  to  perpetuate  it. 
This  will  be  an  infallible  guide,  and  we  only  require  to  know  if  the  edge 
or  centre  of  the  ditch  was  the  line  or  boundary,  or  was  it  the  face  or  top  of 
the  embankment.  These  answers  can  be  had  from  the  record,  or  from  the 
persons  who  have  made  the  ditch,  or  for  whom  it  has  been  made.  Should 
this  ditch  be  afterwards  ploughed  and  cultivated,  we  can  see  in  June  a 
difference  in  the  appearance  of  the  plants  that  grow  thereon,  being  of  a 
richer  green  than  those  adjoining  the  ditch.  Or,  we  dig  a  trench  across 
the  suspected  place.  The  section  will  plainly  show  where  the  old  ditch 
was,  for  we  will  find  the  black  or  vegetable  mould  in  the  bottom  of  the 
old  ditch.  We  may  have  the  line  pointed  out  by  the  oldest  settlers,  who 
are  acquainted  with  the  locality.  Surveyors  ought  to  spare  no  pains  to 
have  all  things  so  correctly  done  as  to  prevent  litigation,  and  to  bear  in 
mind  that  "  where  the  original  line  was^  there  it  is,  and  shall  be." 


K8TABLI8HIMO  COBNKBS.     {Old  InstrtLcHons,  p.  62.) 

296.  In  surveying  the  publio  lands,  the  United  States  Deputy  Survey- 
ors are  required  to  mark  only  the  true  lines,  and  establish  on  the  ground 
the  comers  to  townships,  and  sections,  and  quarter  sections,  on  the  range, 
towDflhip  and  sectional  lines. 

There  are, 'no  doubt,  many  cases  where  the  corners  are  not  in  the  right 
place,  more  particularly  on  east  and  tcest  sectional  lines,  which,  doubtlos}*, 
is  owing  to  the  fact  that  some  deputy  surveyors  did  not  always  run  the 
random  lines  the  whole  distance  and  close  to  the  section  corner,  correct 
the  line  back,  and  establish  the  quarter  section  comer  on  the  true  line, 
and  at  average  distance  between  the  proper  section  comer;  but  only  ran 
cast  or  west  (from  the  proper  section  corner)  40,00  chains,  and  there  es- 
tablished the  quarter  section  corner. 

In  all  cases  where  the  land  has  been  sold,  and  the  comers  can  be  found 
and  properly  identified,  according  to  the  original  approved  field  notes  of 
tba  survey,  ikis  office  has  no  authority  to  remove  them. 


72r 


T7N1TEO   STATE*  aVWETOHQ. 


1 


• 

7», 

60 

I 

.JU. 

10. 

40,00 
80  ac. 

E 

• 

s 

80, 

i      8 

20 

K 


<i 


RE-ESTABLISHING  C!0&NERS   IN    FRACTIONAL    SECTIONS,    AND   ALSO    THE 

INTERIOR  CORNER  SECTIONS.     {Old  IrutmcUons,  p.  55.) 

Present  Subdivision  of  Sections. 

297.  None  of  the  acts  of  Congress,  m  relation  to  the  public  lands, 
make  anj  special  provision  in  respect  to  the  manner  in  which  the  sab- 
divisions  of  sections  should  be  made  by  deputy  surveyors. 

The  following  plan  may,  however,  foe  safely  adopted  in  respect  to  all 
-sections,  excepting  those  adjoining  the  north  and  west  boundaries  of  a 
township,  where  the  same  is  le  be  surveyed:: 

Let  the  annexed  diagram  rep-   a  B  O  -C 

resent  an  interior  section,  as 
-sec.  10.  B,  D,  H  and  F  are 
K^uarter  section  corners.  Run 
a  true  line  from  *F  to  D ;  estab- 
lish the  corner  £,  making  D  E 
=  £  F ;  then  make  straight 
lines  from  E  to  B  and  from  £  p 
to  H,  and  you  have  the  section 
'divided  into  quarters. 

If  it  is  required  to  subdivide 
the  N.  £.  quarter  into  40  acre 
^tracts,  make  £  L  =  L  F,  and 
B  0  =  0  C,  and  G  P  =  P  H, 
and  D  K  =  K  £ ;  also  £  M  = 
.M  B,  and  F  N  =  N  C.  Run  from  M  to  N  on  a  true  line,  and  make  M  I 
=  I  N.  Here  the  N.  E.  -quarter  section  is  divided  into  4  parts,  and  the 
•S.W.  quarter  section  into  t^o  halves.  / 

liote.  As  the  east  and  west  sides  of  every  regular  section  is  80  chains, 
and  that  the  quarter  section  corners  on  the  north  and  south  sides  are  at 
average  distances,  it  is  evident  that  the  line  B  H  will  bisect  D  F,  or  any 
•line  parallel  to  G  Q.  Consequently  the  method  in  the  section  is  the  same 
in  effect  as  that  in  the  next. 

But  if,  by  a  re-survey,  we  find  that  A  B  is  not  equal  to  B  G,  or  that 
G  H  is  not  equal  to  H-Q,  then  weiaeasure  the  line  from  D  to  F,  and 
tablish  the  point  £  at  average  distance. 

298.  Let  the  annexed  -dia-    ] 
gram  represent  a  subdivision  of 
section  8,  adjoining  the  north 
boundary  of  a  township,  being 
a  fractional  section.  K 

In  this  case,  we  have  on  the 
<  original  map  A  F  =  38,67,  B  E 

=  39,78,  D  E  =  89,75,  F  D  =  a -^-o  — B 

39,95,  I  p  =  39,75,  and  C  H  = 
39,75.  The  S.E.  and  S.W.  quar- 
ter sections  each  equal  to  160 
acres.  Lot  No.  1  each  equal  to 
80  acres.  In  the  N.W.  quarter 
section  the  west  half  of  lot  2  = 
87,41  acres,  and  the  east  half    ^ 
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of  lot  2  =  37,96  acres.  These  areas  are  taken  from  the  original  survey. 
In  the  N.E.  quarter  section,  the  west  half  of  lot  2  =  88,28  acres,  and  the 
east  half  of  lot  2  =  38,78. 

In  this  example,  there  can  be  but  one  ruie  for  the  sabdivision,  to  make 
it  agree  with  the  manner  in  which  the  several  areas  are  calculated.  You 
nill  observe  that  the  line  I  H  is  79,50  chains,  and  that  the  one  half  of  it, 
=  39,75,  is  assumed  as  the  distance  from  £  to  £),  which  last  distance, 
89J5,  is  deducted  from  79,50,  the  length  of  the  line  £  F  leaving  89,95' 
ehains  between  the  points  F  and  D.  Consequently  the  line  C  D  must  be 
exactly  parallel  to  the  line  H  E,  without  paying  any  respect  to  the  quarter 
section  corner  near  D,  which  belongs  entirely  to  section  84  of  the  town- 
ihip  on  the  north.  Run  the  line  A  B  in  the  same  manner  as  that  of  D  F' 
on  diagram  sec.  297,  except  that  the  corner  Or  is  to  be  established  at  the 
pomi  where  the  line  A  B  intersects  the  line  C  D.  After  surveying  thus 
far,  if  the  S.£  and  S.W.  quarters  are  to  be  subdivided,  it  can  be  done  as 
in  diagram  sec.  297.  In  this  case,  to  subdivide  the  N.£.  and  N.W.  quar- 
ters^ the  line  K  L  mutt  be  parallel  to  A  B.  The  two  lines  ought  to  be  20* 
ehains  apart.  The  comer,  M,  is  made  where  K  L  is  intersected  by  C  D. 
But  as  two  MurveyoTt  eeldom  agree  exactly  as  to  distances,  there  might  be 
found  an  excess  or  deficiency  in  the  contents  of  the  N.E.  and  N.W.  quar- 
ters. If  so,  the  line  K  L  should  be  so  far  from  A  B  as  to  apportion  the 
exeeu  or  decency  between  lots  1  and  2,  not  equally,  but  in  proportion 
to  the  quantities  sold  in  each.  If  the  lots  numbered  2  are  divided  on  the 
township  plat  by  north  and  south  lines,  then  that  of  the  N.W.  quarter 
mast  have  its  south  end  equidistant  between  K  and  M.  and  its  north  end 
equidistant  between  F  and  D.  The  N.E.  q,uarter  will  be  subdivided  by  » 
line  parallel  to  M  D  and  L  £,  exactly  half  way  between  them. 

Note.  Here  we  have  the  quarter  seciioa  corners  A,  B,  C  and  1)  given,. 
and  where  the  line  A  B  intersects  C  D,  gives  the  interior  quarter  section 
corner. 

We  find  also  that  A  K  =  B  L  =  20  chains  generally,  and  that  E  N  =- 
N  M,  and  F  Q  =  Q  D.     Also  M  0  =  0  L,  and  D  P  =  P  £. 

Let  us  suppose  that  the  original  map  or  plat  in  this  example  gave  the 
N.E.  quarter  157  acres — that  is,  lot  1  =  80  and  lot  2  =  77  acres,  and 
that  in  surveying  this  quarter  section  we  find  the  area  =  159  acres,  then 
we  say,  as  1^7  :  159  : :  80  to  the  surplus  for  lot  1,  or,  as  157  :  1&9  ::  77 
to  surplus  in  lot  2 ;  and  having  the  corrected  area  of  lot  1,  and  the  lengths 
of  B  Q  and  L  M,  we  can  easily  find  the  width  B  L. 

Ifote  2.  The  above  method  of  establishing  the  interior  comer,  M,  is 
according  to  the  statutes  of  the  State  of  Wisconsin,  and  appears  to  be  the 
best,  as  the  original  survey  contemplates  that  the  lines  I  F,  H  £,  F  £, 
I H,  A  B  and  G  D  are  straight  lines. 

Qovemment  Plait  or  Map9, 

299.  The  plats  are  drawn  on  a  scale  of  40  chains  to  one  inch.  The 
Kction  lines  are  drawn  with  faint  lines  ;  the  quarter  section  lines  are  in 
^tted  lines;  the  township  lines  are  in  heavy  lines.  The  number  of  the 
Metion  is  above  the  Centre  of  each  section,  and  its  area  in  acres  under  it. 
On  the  north  side  of  each  section  is  the  length  thereof,  excepting  the  south 
Metion  lines  of  sections  82,  83,  84,  35  and  36.  The  section  corners  on 
the  township  lines  are  marked  by  the  letters  A,  B,  C,  D,  etc.,  A  being  at 
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the  N.E.  corner,  G  at  the  N.W.,  N  at  the  S.W.,  and  T  at  the  S.B.  The 
quarter  section  corners  are  marked  by  a,  b,  c,  d,  etc.,  a  being  between  A 
and  B,  f  between  G  and  F,  n  between  N  and  0,  and  s  between  S  and  T. 
(See  New  Instrnctions,  diagram  B.) 

Note.  On  the  maps  or  plats  which  we  have  seen,  A  begins  at  N.W. 
corner  and  continues  to  the  right,  making  F  at  the  8.W.  corner  of  the 
township.  The  quarter  section  corner  on  the  north  side  of  every  seetion 
is  numbered  1,  2,  3,  4,  6  and  6,  beginning  on  the  east  side,  and  running 
to  the  west  line.  Number  1  is  at  the  quarter  section  comer  on  the  north 
side  of  each  section,  12,  18,  24,  25  and  36.  Number  6  is  at  the  quarter 
section  comers  on  the  north  side  of  each,- of  sections  7, 18, 19,  30  and  31. 

There  is  a  large  book  of  field  notes,  showing  only  where  mounds  and 
trees  are  made  landmarks.  The  kind  of  trees  marked  as  witness  trees; 
their  diameter,  bearing  and  distances,  are  given  for  A,  a,  B,  b,  G»  c,  to 
X,  X,  Y,  y. 

For  interior  section^  eomers,  begin  at  S.E.  comer,  showing  the  notes  to 
sections  25,  26,  86,  30 ;  23,  24,  25,  26 ;  and  two  after  two  to  sections  5, 
6,  7,  8,  at  N.W.  corner  of  the  township. 

For  interior  quarter  section  comerty  begin  at  M,  the  N.E.  comer  of  section 
86,  and  run  to  U,  N.W.  corner  of  section  31,  thus: 
M  to  U,  at  1,  post  in  mound. 

2,  bur  oak,  18  inches  diameter,  bears  N.  3®  £.  80  links. 

bur  oak,  12  inches  diameter,  bears  S.  89^  W.  260  links. 
6,  post  in  mound. 
Next  run  L  to  V,  K  to  W,  I  to  X,  and  H  to  T,  giving  the  witness  trees, 
if  any,  at  quarter  section  corners  numbered  1,  2,  etc.,  as  above.     Then 
begin  to  note  from  south  to  north,  by  beginning  at  0  and  noting  to  F, 
then  P  to  £,  Q  to  D,  R  to  C,  and  S  to  B. 

The  plats  show  by  whom  the  outlines  and  subdivisions  have  been  sor- 
veyed ;  date  of  contract ;  total  area  in  acres ;  total  of  claims  or  land  ex- 
empt from  sale ;  the  variation  of  the  township  and  subdivision  lines;  and 
the  detail  required  by  section. 

SUBYXTS  OF  Y1LLA0X8,   TOWKS   AHD  CITIK8. 

300.  A.  lays  out  a  village,  which  may  be  called  after  him,  as  CleaTer- 
ville,  Kilbourntown,  Evanston;  or  it  may  be  named  after  some  riTer, 
Indian  chief,  etc.,  as  Hudson,  Chicago.  This  village  is  laid  out  into  blocks, 
streets  and  alleys.  The  blocks  are  numbered  1,  2,  8,  etc.,  generally 
beginning  at  the  N.E.  corner  of  the  village.  The  lots  are  laid  off  fronting 
on  streets,  and  generally  running  back  to  an  alley.  The  lots  are  num- 
bered 1,  2,  3,  etc.,  and  generally  lot  1  begins  at  the  N.E.  corner  of  each 
block.  The  streets  are  80,  66,  50  and  40  feet— generally  66  feet.  In 
places  where  there  is  a  prospect  of  the  street  to  be  of  importance  aa  a 
place  for  business,  the  streets  are  80  feet.  Although  many  streets  are 
found  40  feet  wide,  they  are  objectionable,  as  in  large  cities  they  are 
subsequently  widened  to  60  or  66  feet.  This  necessarily  incurs  ez(>en8es, 
and  causes  litigations. 

Sidewalks.  The  streets  are  from  the  side  oC  one  building  to  thai  of 
another  on  the  opposite  side  of  the  street ;  that  is,  the  street  includes  the 
carriage  way  and  two  sidewalks.     Where  the  street  is  80  feet  wide,  each 
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aid«walk  is  usually  16  feet.  When  the  street  is  66  feet,  the  width  of  the 
sidewalk  is  usually  14  feet.  Where  the  street  is  40  feet,  the  width  of  the 
sidewalk  is  usually  9  feet. 

Comer  itones.  The  statutes  of  each  State  generally  require  comer 
stones  to  be  put  down  so  as  to  perpetuate  the  lines  of  each  pillage,  town, 
or  addition  to  any  town  or  city.  * 

Maps  orplau  of  such  village,  town  or  addition,  is  certified  as  correct  by 
the  county  or  city  surveyor,  as  the  State  law  may  require.  The  map  or 
plat  is  next  acknowledged  by  the  owner,  before  a  Justice  of  the  Peace  or 
Notary  Public,  to  be  his  act  and  deed. 

Plat  recorded.  The  plat  is  then  recorded  in  a  book  of  maps  kept  in  the 
Recorder's  or  Registrar's  office,  in  the  county  town  or  seat. 

Dimeruiona  on  the  map.  Show  the  width  of  streets,  alleys  and  lots ;  the 
depths  of  lots  ;  the  angles  made  by  one  street  with  another ;  the  distances 
irom  comer  or  centre  stones  to  some  permanent  objects,  if  any.  These 
distances  are  supposed  to  be  mathematically  correct,  and  according  to 
which  the  lots  are  sold. 

Lots  are  sold  by  their  number  and  block,  as,  for  example:  <'A11  th^t 
parcel  or  piece  of  land  known  as  lot  number  6,  in  block  42,  in  Matthew 
Collins*  subdivision  of  the  N.E.  quarter  section  25,  in  township  6  north, 
and  range  2  east,  of  the  third  principal  meridian,  being  in  the  county  of 
,  and  State  of " 

All  plats  are  not  certified  by  county  or  city  surveyors.  In  some  States, 
surveyors  are  appointed  by  the  courts,  whose  acts  or  valid  surveys  are  to 
be  taken  as  prima  fade  evidence.  In  other  States,  any  competent  sur- 
veyor can  make  the  subdivision,  and  swear  to  its  being  correct  before  a 
Jnsdce  of  the  Peace. 

Lots  are  also  sold  and  described  by  metes  and  bounds,  thus  giving  to 
the  first  purchasers  the  exact  quantity  of  land  called  for  in  their  deeds, 
leaving  the  surplus  or  deficiency  in  the  lot  last  conveyed. 

Meiei  and  bounds  signify  that  the  land  begins  at  an  established  point,  or 
at  a  given  distance  from  an  established  point,  and  thence  describes  the 
several  boundaries,  with  their  lengths  and  courses. 

Ettablishing  lost  ci^mers.  When  some  posts  are  lost,  the  surveyor  finds 
the  two  nearest  undisputed  comers,  one  on  each  side  of  the  required  cor- 
ners. He  measures  between  these  two  comers,  and  divides  the  distance 
pro  rata;  that  is,  he  gives  each  lot  a  quantity  in  proportion  to  the  original 
or  recorded  distance.  Where  there  is  a  surplus  found,  the  owners  are 
generally  satisfied ;  but  where  there  is  a  deficiency,  they  are  frequently 
dissatisfied,  and  cause  an  inquiry  to  be  made  whether  this  deficiency  is 
to  be  found  on  either  side  of  the  required  lots,  or  in  one  side  of  them.  As 
mankind  is  not  entirely  composed  of  honest  men,  it  has  frequently  hap- 
pened that  posts,  and  even  boundary  stones,  have  been  moved  out  of  their  true 
places  by  interested  parties  or  unskilful  surveyors. 

In  tubdividing  a  tract  into  rectangular  blocks,  wcr  measure  the  outlines 
twice,  establish  the  comers  of  the  blocks«on  the  four  sides  of  the  tract, 
and,  by  means  of  intersections,  establish  the  corners  of  the  interior  blocks. 

Let  us  suppose  a  tract  tft  be  divided  into  86  blocks,  and  that  block  1  be- 
gins at  the  N.E.  corner,  and  continues  to  be  numbered  similar  to  township 
surveys.  We  erect  poles  at  the  N.W.  corners  of  blocks  1,  2,  3,  4  and  6, 
and  at  the  N.E.  comers  of  blocks  12,  13,  24,  25  and  36.    We  set  the  in- 
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strument  on  the  soath  line  at  S.W.  corner  of  block  8G:  direct  the  tele- 
scope to  the  pole  nt  the  N.W.  corner  of  block  1.  Let  the  assist&nt  stand 
at  the  instrument.  We  stand  at  the  N.AV.  angle  of  31,  and  make  John 
move  in  direction  of  the  pole  at  the  N.W.  angle  of  36,  until  the  assistant 
gives  the  signal  that  he  is  on  his  line.  This  will  give  the  N.W.  angle  of 
ZQ,  where  John  driTes  a  post,  on  the  top  of  which  he  holds  his  pole  again 
on  line,  and  drives  a  nail  in  the  true  point.  We  then  move  to  the  N.W. 
Angle  of  30,  and  cause  John  to  move  until  he  is  on  our  assistant's  line, 
thereby  establishing  the  N.W.  corner  of  2d,  and  so  on  for  the  N.W.  comers 
of  24,  13  and  12.  We  move  the  instrument  to  the  S.W\  comer  35,  and 
set  the  telescope  on  the  pole  at  N.W.  comer  of  2,  and  proceed  as  before. 
This  method  is  strictly  correct,  and  will  serve  to  detect  any  future  fraud, 
and  enable  us  to  re-establish  any  required  corner.  Where  the  blocks  are 
large,  the  lots  may  be  surveyed  as  above. 

Where  the  ground  is  uneven,  or  woodland,  this  method  is  not  practi- 
cable.    However,  proving  lines  ought  to  be  run  at  every  three  blocks. 


CANADA  SURVEYING. 

5J01.  No  person  is  allowed  to  practice  land  surveying  until  he  has 
obtained  license,  under  a  penalty  of  i^lO,  one-half  of  which  goes  to  the 
prosecutor. 

Each  Province  has  a  Koard  of  Examiners,  who  meet  at  the  Crown  Land 
Office,  on  the  first  Monday  of  January,  April,  July  and  October. 

The  candidate  gives  one  week^s  notice  to  the  Secretary  of  the  Board. 
He  must  have  served  as  an  apprentice  during  three  years.    He  must  have 
first-rate  instruments,   (a  theodolite,  or  transit  with  vertical  arch,  for 
finding  latitude  and  the  true  meridian.)     He  must  know  Geometry,  (^ix 
books  of  Euclid,)  Trigonometry,  and  the  method  of  measuring  superficies, 
with  Astronomy  sufficient  tu  enable  him  to  find  latitude,  longitude,  true 
time,  run  all  necessary  boundary  lines  by  infallible  methods,  and  be 
versed  in  Geology  and  Mineralogy,  to  enable  him  to  state  in  his  reports 
the  rocks  and  minerals  he  may  have  met  in  his  surveys.     He  must  have 
standard  measures,  one  five  links  long,  and  another  three  feet.     He  gives 
bonds  to  the  amount  of  1000  dollars.     His  fees,  when  attending  court,  is 
four  dollars  per  day.     He  keeps  an  exact  record  of  all  his  surveys,  which, 
after  his  death,  is  to  be  filed  with  the  clerk  of  the  court  of  the  county  in 
which  he  lived.     Said  clerk  is  to  give  copies  of  these  surveys  to  any 
person  demanding  them  on  paying  certain  fees,  one-half  of  which  is  to  be 
paid  to  the  heirs  of  the  surveyor. 

The  Government  have  surveyed  their  townships  rectangularly,  as  in 
the  United  States,  except  where  they  could  make  lots  front  on  Govern- 
ment roads,  rivers  and  lakes.  This  has  been  a  very  wise  plan,  as  several 
persons  can  settle  on  a  stream ;  whereas,  in  the  United  States,  one  man's 
lot  may  occupy  four  times  as  much  river  front  as  a  man  having  a  similar 
lot  in  Canada. 

802.  Lin^s  are  run  by  the  compass  in  the  original  survey,  but  all 
subsequent  side  lines  are  run  astronomically.  In  the  United  States,  lines 
are  run  from  post  to  post,  which  requli-es  to  have  two  undisputed  points, 
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tf'lifre  post!  vm  planted,  or  set  on  the  river,  the  front  of  concession  B 
is  the  rirer,  and  that  of  conoeseton  A  is  on  the  concession  line  n/,  etc. 

JflW,  Side  lint!  are  tD  be  run  parallel  (o  tlie  loicmhip  line  from  nhicli  tha 
latt  art  nvmbered. 

The  line  between  lots  7  and  S,  in  coQce'Hioo  IT;  is  to  be  rnn  on  ths 
same  true  bearing  as  the  township  line  a  b  :  but  if  the  line  m,  n,  o,  p,  a, 
etc.,  be  rtin  in  the  original  surrey  an  a  proving  line,  then  the  line  between 
7  and  6  is  to  be  mn  parallel  to  the  line  jt »,  and  all  lines  from  the  line^  > 
to  the  end  are  to  be  run  parallei  to  p  i,  and  lines  from  o  to  ^  are  lo  be  run 
parallel  to  a  h.  When  there  is  no  proving  or  township  line  where  the 
Iota  kre  numbered  tram,  as  in  con.  A,  we  mast  run  parallel  to  the  line 
e  w;  but  if  there  is  a  proving  line  as  m  n,  all  lines  ii 
shall  be  ran  parallel  to  it. 

When  there  is  no  town  line  nt  either  end  of  the  ci 
B,  the  side  lines  are  ran  parallel  to  tlie  proving  line,  if  nny. 

When  there  is  neither  proving  line  or  township  line  aC  cithor  end,  as  in 
conceEjsion  B,  we  open  the  concession  line  k  ic,  and  with  tliig  as  base,  lay 
oF  the  original  angle. 

Jkaraple.     The  original  bearing  of  *  a/  is  N.  10"  W.,  and  that  of  Ilia 
side  lines  N.  6C'  E.     To  run  .the  line  between  lots  14  and  15,  in  con.  B, 
lay  off  Tiout  the  base  k  le  an  angle  of  82°,  and  cun  to  the  rivor.     The 
original  posts  are  marked  on  the  four  sides  thus. 
This  shows  that  tlio  allowance  for  road  is  in  rear  of 
con.  C ;    that  is,  the  concession  iTne  between  con- 
I  cessions  B  and  C  is  on  the  west  lino  of  allownnco 
of  road.      The  original  field  notes   are  kept  as  in 
the  United  Stales,  showing  the  quality  of  timber. 

If  the  concessions  were  nnmhprcd  from  a  river  or  lake,  and  that  no  . 
posta  were  set  on  the  water's  edge,  then  the  lines  ahull  be  rnn  from  the 
rear  to  the  water. 


Q, 


Wfien  eoheession  lines  *are  marked  tcith  two  rowt  of  potts,  and  that  the 
land  is  described  in  half  lots,  then  the  lines  shall  be  drawn  from  both 
ends  parallel  to  the  governing  line,  and  to  the  centre  of  the  concession  if 
the  lots  were  intended  to  be  equal,  or  proportional  to  the  original  depths. 
When  the  line  in  front  of  the  concession  was  not  run  in  the  original 
surrey,  then  run  from  the  rear  to  a  proportionate  depth  between  said  rear 
line  and  the  adjacent  concession.     (See  Act,  1849,  Sec.  XXXYI.) 

•Example.    The  line  a  d  has  not  been  run,  but  the  lines  b  e  and  t  v  haye 
been  ran. 

Let  the  depth  of  each  concession  =  8000  links.  Road,  on  the  line  a  d, 
100  links.  Run  the  line  between  7  und  8,  by  beginning  at  the  point  A, 
and  running  the  line  h  q  parallel  to  a  6,  and  equal  to  half  the  width  of 
ooncession  I  and  II.  Measure  h  7,  and  find  it  8200  links.  Suppose  thai 
the  allowance  for  road  is  in  the  rear  of  each  concession ;  that  is,  the 
west  side  of  each  concession  road  allowance  is  the  concession  line ;  then 
8200  links  include  100  links  for  one  road,  leaving  the  mean  depth  of  con- 
cession 11  =  to  be  8100  links  =  A  q.  In  like  manner  we  find  the  depth 
of  the  line  between  8  and  0,  and  the  fftraigbt  line  joining  these  pointa  ia 
the  true  concession  line.     (tSee  Act,  May,  1819,  Sec.  XXXVI.) 

804.  Maps  of  towns  or  villages  are  to  be  certified  as  correct  by  a  land 
surveyor  and  the  owner  or  his  agent,  and  shall  contain  the  courses  and 
distances  of  each  line,  and  must  be  put  on  record,  as  in  the  United  States, 
within  one  year,  and  before  any  lot  is  sold.  These  maps,  or  certified 
copies  of  them,  can  be  produced  as  evidence  in  court,  provided  such  eopy 
be  certified  as  a  true  copy  by  the  County  Registrar. 

When  A  got  P.  L.  surveyor  S,  to  run  the  line  between  G  and  7  in  con- 
cession 11,  and  finds  that  the  line  has  taken  part  of  his  lot  6,  on  which 
he  has  improved ;  that  is,  he  finds  part  of  B's  lot  7  included  inside  his 
old  boundary  fence.  The  value  of  his  improvements  is  400  dollars,  be- 
longing to  A,  and  the  value  of  the  land  to  be  recovered  by  B  is  100  dol- 
lars. Then,  if  B  becomes  plaintiff  to  recover  part  of  his  lot  7,  worth  100 
dollars,  he  has  to  pay  A  the  amount  of  his  damages  for  improvement,  viz. 
400  dollars,  or  sell  the  disputed  piece  to  A  for  the  assessed  value.  (See 
Act  of  1849,  Sec.  L.) 

306.  In  the  Seigniories^  fronting  on  the  St.  Lawrence,  the  true  bearing 
of  each  side  lin^  is  N.  45®  W.,  with  a  few  exceptions  about  the  vicinity 
of  St.  Ignace,  below  Quebec. 

In  the  Ottawa  Seigniories,  the  true  or  astronomical  bearing  is  N.  11** 
16^  E.  This  makes  it  easier  than  in  the  townships,  as  there  is  no  ocoa- 
sion  to  go  to  the  township  line  for  each  concession. 

300.      Where  the  original  posts  or  vionwnchts  are  lost. 

**  In  all  cases  when  any  InnJ  surveyor  shall  be  employed  in  Upper 
Canada  to  run  any  Ride  line  or  limits  between  lots,  and  the  original  post 
or  moDument  from  which  such  line  should  commence  cannot  be  found,  he 
shall  in  every  stfch  case,  obtain  the  best  evidence  that  the  nature  of  the 
case  will  admit  of,  re»<pecting  such  sideline,  po^t  or  limit;  but  if  the 
same  cannot  be  patis^factnrily  ascertained,  then  the  surveyor  shall  measure 
the  true  di^^taneo  between  the  nearest  undi-^uted  poi-ts,  limits  or  monu- 
ments, nnd  divide  such  distance  into  such  number  of  lots  as  the  same 
contained  in  the  original  survey,  assignii^g  to  each  a  breadth  proportionate 
to  tlnit  inten<led  in  such  original  survey,  as  shown  on  the  plan  and  field- 
n-'tcs  thereof,  of  record  in  the  office  of  the  Commissioner  of  Crown  Lands 
of  tuis  Province  ;  and  if  any  portion  of  the  line  in  fjont  of  the  concession 
in  which  such  lots  are  situate,  or  boundary  of  the  township  in  which  Buch 
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eoQcesg'onis  situate,  shall  be  obliterated  or  lost,  then  the  surveyor- shall 
run  a  line  between  the  two  nearest  points  or  places  where  such  line  can 
be  clearij  and  satisfactorily  ascertained,  in  the  manner  provided  in  this 
Act,  and  in  the  Act  fir^t  cited  in  the  preamble  to  this  Act,  and  shall  plant 
all  sQch  intermediate  posts  or  monuments  as* he  niay  be  required  to  plant, 
ni  tk  line  so  Ascertained,  having  due  respect  to  any  allowance  for  a  road 
or  roads,  common  or  commons,*  set  out  in  such  original  survey;  and  the 
limits  of  each  lot  so  found  shall  be  taken  to  be,  and  are  hereby  declared 
to  be  the  tree  limits  thereof;  any  law  or  usage  to  the  contrary  thereof  in 
Mj  wise  notwithstanding." 

[Ibis  is  the  same  fts  Sec.  XX  of  the  Act  of  May,  1840,  respecting 

lovet  Canada,  and  of  the  Act  of  1855,  Sec.  X.]    . 
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The  general  method  of  establishing  lines  in  the  United  States,  may  be 
aken  from  the  United  States'  Statutes  at  Large,  vol.  II,  p.  813,  passed 

'eb.  11,1805. 

Chap.  XIV.,  Feb.  11,  180o. — An  Act  concerning  the  mode  of  Surveying 
be  Public  Lands  of  the  United  States.  « 

ISce  the  Act  of  May  18, 1796,  chap.  XXIX,  vol.  I,  p.  465.] 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
tates  of  America,  in  Congress  assembled.  That  the  Surveyor  General 
iaij  canse  all  those  lands  north  of  the  river  Ohio  which,  by  virtue  of  the 
et  intituled  "An  Act  providing  for  the  sale  of  the  lands  of  the  United 
lates  in  the  territory  N.W.  of  the  river  Ohio,  and  above  the  mouth  of  the 
entacky  River,"  were  subdivided  by  running  through  the  townships 
wallcl  lines  each  way,  at  the  end  of  every  two  miles,  and  by  marking  a 
truer  on  each  of  the  said  lines  at  Ihe  end  of  every  mile,  to  be  subdivided 
to  sections,  l^y  running  straight  lines  from  those  marked  to  the  opposite 
•iwponding  corners,  and  by  marking  on  each  of  the  said  lines  inter- 
(diate  corners,  as  nearly  as  possible  equidistant  from  the  corners  of  the 
ctions  on  the  same.  And  the  said  Surveyor  General  shall  also  cause 
A  boundaries  of  all  the  half  sections  which  had  been  purchased  previous 

the  1st  July  last,  and  on  which  the  surveying  fees  had  been  paid,  ac- 
rding  to  law,  by  the  purchaser,  to  be  surveyed  and  marked,  by  running 
raigbt  lines,  from  the  half  mile  corners  heretofore  marked,  to  the  oppo- 
W  corresponding  corners ;  and  intermediate  corners  shall,  at  the  same 
He,  be  marked  on  each  of  the  said  dividing  lines,  as  nearly  as  possible 
aidistant  from  the  corners  of  the  half  section  on  the  same  line. 
J^roricUd,  That  the  whole  expense  of  surveying  and  marking  the  lines 
ill  not  exceed  three  dollars  for  every  mile  which  has  not  yet  been  sur- 
fed, and  which  will  be  actually  run,  surveyed  and  marked  by  virtue  of 
[0  section,  shall  be  defrayed  out  of  the  moneys  appropriated,  or  which 
ij  be  hereafter  appropriated  for  completing  the  surveys  of  the  public 
mIs  of  the  United  SUtes. 

Bxc.  2.  And  be  it  further  enacted,  That  the  boundaries  and  contents  of 
f  f'cveral  sections,  half  sections  and  quarter  sections  of  the  public  lands 
the  United  States  shall  be  ascertained  in  conformity  with  the  following 
acipJes,  any  Act  or  Acts  to  the.contrary  notwithstanding: 
1st.  All  the  corners  marked  in  the  surveys  returned,  by  the  Surveyor 
neral,  or  bv  the  surveyor  of  the  land  seulk  of  the  ^ate  of  Tennessee 
p^tjvely,  shall  be  established  as  the  proper  .corners  of  sections  or 
►llTi.nionb  of  sections  which  they  .were  intended  to  designate ;  and  the 
•ners  of  half  and  quarter  sections,  not  marked  on  the  said  surveys, 
k/I  be  placed  ns  nearly  as  possible  equidistant  from  those  two  cojners 
ich  rtand  on  the  iatne  Htm.  "* 

aid.  The  boundary  lines,  actually  nm  and  marked  in  the  sorveys  re* 
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turned  by  the  SurTeyor  General,  or  by  the  surveyor  of  the  land  eouth  of 
the  State  of  Tennessee,  respectively,  shall  be  established  as  the  proper 
boundary  lines  of  the  sections  or  subdivisions  for  which  they  were  is* 
tended,  and  the  length  of  such  lines  as  returned  by  either  of  the  surveyon 
aforesaid  shall  be  held  and  considered  as  the  true  length  thereof.  .  . 

And  the  boundary  lines  which  shall  not  have  been  actually  run  vA 
marked  as  aforesaid,  shall  be  ascertained  by  running  straight  lines  froa 
the  established  corners  to  the  opposite  corresponding  comers;  but  in 
those  portions  of  the  fractional  townships  where  no  such  correspondisi 
corners  have  been  or  can  be  fixed,  the  said  boundary  lines  shall  be  ascer<^ 
taiued  by  running  from  the  established  corners  due  north  and  south. «; 
east  and  west  lines,  as  the  case  may  be,  to  the  water  course,  lodiai 
boundary  line,  or  other  external  boundary  of  such  fractional  township. 

An  Act  passed  24th  May,  1824,  authorizes  the  President,  if  he  ch( 
to  cause  the  surrey  of  lands  fronting  on  rivers,  lakes,  bayous,  or  vst 
coufses,  to  be  laid  out  2  acres  front  and  40  acres  deep.     (See  Cnil 
States*  Statutes  bI  Large,  vol.  IV,  p.  S4.) 

An  Act  passed  29  th  May,  1830,  makes  it  a  misdemeanor  to  prevent 
obstruct  a  surveyor  in  the  discharge  of  his  duties.  Penalties  for 
doing,  from  $50  to  $3000,  and  imprisonment  from  1  to  3  years. 

Sec.  2  of  this  Act  authorizes  the  surveyor  to  call  on  the  proper  anl 
riUes  for  a  sufficient^force  to  protect  him.     (Ibid,  vol.  IV,  p.  417.) 

The  Act  for  adjusting  claims  in  LouiAana  passed  15th  Feb.,  1811, 
the  Surveyor  General  some  discretionary  power  to  lay  out  lots,  frontil 
on  the  river,  58  poles  front  and  65  poles  deep.     {Ibid,  vol.  II,  p.  619.) 

FROM  THE  ALABAMA  REPORTS. 

307.    Decision  of  the  Supreme  Court  of  Alabama  in  the  case  of 
V.  Smith. 

1.  The  land  system  of  the  United 'States  was  designed  to  provide! 
advance  with  mathematical  precision  the  ascertainment  of  boonr 
and  the  second  section  of  the  Act  of  Congress  of  1805  furnished  the 
of  construction,  by  which  all  the  disputes  that  may  arise  about  bounc 
or  the  contents  of  any  section  or  subdivision  of  a  section  of  land,  fihsBJ 
ascertained. 

2.  When  a  survey  has  been  made  and  returned  by  the  Snrreyoi 
shall  be  held  to  be  matfiemcttically  true,  as  to  the  lines  run  and 
and  the  comers  established,  and  the  contents  returned. 

8.  Each  section,  or  separate  subdivision  of  a  section,  is  indq>endt 
any  other  section  in  the  tononehip,  and .  muei  be  governed  by  its  marked 
established  boundaries, 

4.  And  should  they  be  obliterated  or  lost,  recourse  must  be  had  t«l 
best  evidence  that  can  be  obtained,  showing  their  former  situation 
place. 

5.  The  purchaser  of  land  from  the  United  States  takes  by  metes 
bounds,  whether  the  actual  quantity  exceeds  or  falls  short  of  the 
estimated  by  the  surveyor. 

6.  Where  a  navigable  stream  intervenes  in  running  the  lines  of  a  seed 
the  surveyor  stops  at  that  point,  and  ^oes  not  continue  across  the  iin| 
the  fraction  thus  made  is  complete,  and  its  contents  can  be  asoertaii^ 
Therefore,  where  there  is  a  discrepancy  between  the  comers  of  a  9eed 
as  established  by  the  United  States'  Surveyor,  and  the  linea  as  nia< 
marked-^the  latter  does  not  yield  to  the  former. 

7.  Whether  this  would  be  the  case  where  a  navigable  stream  doct 
cross  the  lines. — Query. 

This  is  the  case  of  Lewin  v.  Smith : 

Error  to  the  Circuit  Court  of  Tuskaloosa.  Plaintiff — an  action  oft 
pass  on  portion  of  fractional  sec.  26,  town.  21,  range  11  W.,  lying  a 
and  west  of  the  Black  Warrior  River.      *  ^ 
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to  ■  poplar  OD  the  sanlb  bouodnr;  of  sea.  'J^l;  theacc  neat  13,70.  to  S.W, 
comer,  containing  100|^  acrtB. 

NoTB.— Here  lbs  lino  claimed  by  Smith  was  establisbed.  bj  Ending  the 
original  comeTS,  b  and  r.  Lewin  ctuimeil  that,  althoDgh  there  iras  no 
aonnment  to  be  found  at  u,,[bat  such  would  be  legally  established  by  the 
intereeclion  of  a  line  from  b  io  d,  d  being  a  frnctional  corner  at  tbe  bIdcIe- 
kde  fence  supposed  to  be  corre«t.  The  Court  decided  that  the  line  6  to  e 
waB  tbe  true  line,  aa  the  line  and  bearing  trees  corresponded  with  the 
iMA  notes,  sod  therefore  di-ctded  in  favor  of  Smith.  The  disputed  gore 
w  triangle,  ali  e,  contained  0  acres,  and  the  jog,  a  c^207  links. — McD. 


3<>S.  Prom  the  Kentucky  Reports,  by  Thomaa  B,  Monroe,  toI.  VII,  p. 
333.  Baiter  r,  Eveit.  OoTcrnment  survey  made  in  1803.  Patent  deed 
iamed  in  1812.     EJectmcDt  inetituted  in  l»ti:~>.     DeoUion  in  1B30. 

Tbe  rule  ig,  that  visible  or  actual  boundaries,  natural  or  ardfioial, 
oiled  for  in  ■  certificate  of  suriej',  arc  to  be  taken  as  tba  abuttals,  bo 
long  sia  tbey  can  be  found  or  proved.  The  legal  presumption  is.  that  the 
sorveyor  performed  the  duty  of  marking  and  bounding  the  survey  bj  ' 
Mtificial  or  oalnral  abuttals,  either  made  or  adopted  at  tbe  exeoution  of 
the  sorvej.  And  if  this  preiumption  could  be  deelToyed  by  undoubted 
testimony,  yet,  ae  this  was  the  fault  of  tbe  ofGcer  of  the  OoTernment,  and 
not  of  the  owner  of  the  survey,  his  right  ought  not  to  be  injured,  when 
the  omission  con  be  supplied  by  aoy  ratiooal  means,  and  deecriptions 
furnished  by  the  certiRcate  of  survey. 

In  locating  a  pslenl,  the  inquiry  Erst  is  for  the  dmurrkalion  of  boundary, 
natural  or  artificial,  stluded  to  by  the  surveyor,  1/  that  can  bt  /oimd 
rxunt.  or  if  not  noir  auliay,  eon  bi  proved  Io  have  aitUd,  and  their  iocality 
can  be  ateertained.  these  are  to  govern.  The  conreea  and  distances  specified 
in  a  plat  and  certificate  of  survey,  are  desigaed  to  describe  the  boundaries 
u  actnaHy  run  and  nade  by  the  surveyor,  and  to  assist  in  preserving  the 
evidence  of  their  tocnl  position,  to  aid  in  tracing  them  whilst  visible,  and 
in  eitabliahing  their  former  posiUon  in  case  of  dtitruction,  by  time,  accident 
orfrimd.  As  guides  for  these  purposes,  the  courses  and  distances  named 
is  a  plat  and  certificate  of  survey  are  useful ;  but  a  line  or  corner  estab- 
Uabed  by  a  aurveyor  in  making  a  survey,  upon  which  a  grant  has  issued, 
eannot  be  altered  because  the  line  is  longer  or  shorter  uian  the  distance 
specified,  or  because  the  relative  bearings  between  the  abuttals  vary  from 
tbe  eonrse  named  in  the  plat  ^nd  certificate  of  survey  :  so,  if  the  line  run 
-  by  the  surveyor  be  not  a  right  line,  as  supposed  from  his  description, 
bat  be  found,  bj  tracing  it,  to  bo  *  curved  line,  yet  the  actual  line  must 


72b  oeodztccal  jcrisprudekcb. 

govern,  the  visibTe  actual  boundary  the  thing  described,  and  not  the  ide«l 
boundary  and  imperfect  de.>«cription,  is  to  be  the  guide  and  rule  of  property. 

Tliese  principles  are  rcgogniied  in  Beckley  t'.  Bryan,  prim,  dec  107, 

and  Litt.  sel.  Caa.  91  ;  Morrisson  r.  Coghill,  prin.  dec.  882 ;    Lyon   r. 

Ross,  1  Bibb.  p.  4G7.;  Cowan  r.  Fauntelroy,   2  Bibb.  p.  261:    Shaw  r. 

Clement,  1  Call,  p?4o8,  3d  point;  Herbert  ».  Wise,  3  Call,  p.  239;  Baker 

V,  Glnsscocke,  1  lien.  &  Munf.,  p.  177;  Helm  v.  Smallhard,  p.  369. 

From  (he  same  State  Reports. 

5  Dana,  p.  543-4.     Johnson  v.  Gresham.     Here  Gresham  foand  the 

section  to  contain  606  acres;  had  it  surveyed  into  four  equal  parts,  thus 

embracing  1  to  3  acres  of  Johnson's  land,  which  extended  over  the  line 

run,  with  other  improvenlicnts.      Gresham  had   purchased   that   which 

Johnson  had  pre-empted. 

Opinion  of  the  Court  ly  Judge  Evring^  Oct.  19,  1837. 

1.  Though  the  Act  of  1820,  providing  for  surveying  the  public  lands 
west  of  the  Tennc«Mec  liiver,  directs  that  it  shall  be  laid  off  into  town- 
ships of  6  miles  square,  and  divided  into  sections  of  640  acres  each,  yet 
it  is  well  known,  through  the  unevenness  of  th'e  ground,  the  inaccuracy 
of  the  instruments,  and  careles.^ness  of  surveyors,  that  many  sections 
embrace  less,  and  many  more,  than  the  quantity  directed  by  the  Act 
The  question  therefore  occurs,  how  the  excess  or  deficiency  shall  be  ditf* 
posed  of  among  the  quarters.  The  statute  further  directs  that  in  running 
the  lines  of  townships,  and  the  lines  parallel  thereto,  or  the  lines  of  sec- 
tions, **that  trees,  posts,  or  stones,  half  %  mile  fi'om  the  corners  of  sec- 
tions, shall  be  marked  a.s  corners  of  quarter  secticgfiii.''  So  far,  therefore, 
as  th^  corners  or  lines  of  tiie  quarters  can  be  ascertained,  ihnf  skovl^bt 
the  guides  and  constituted  boundaries  and  abuttals  of  each  quarter.  In 
the  absence  of  such  guides,  aud  of  all  other  indicea  directing  to  the  place 
where  they  were  made,  the  sections  should  be  divided,  as  near  as  may 
be,  between  the  four  quarters,  observing,  as  near  as  practicable,  the 
courses  and  distances  directed  by  the  Act.  When  laid  down  according 
to  these  rules,  the  quarter  in  contest  embraces  174  acres,  and  corers  a 
partjDf  the  field  of  the  complainant,  as  well  as  his  waahhouse. 

FROM   THE   II#.IX0IS    KEPOBTS. 

809.    From  the  Illinois  Reports,  vol.  XI.     Rogers  v.  McClintock. 

The  corners  of  sections  on  township  lines  were  made  when  the  township 
was  laid  out.  They  became  fixed  points,  and  if  their  position  can  now  be 
shown  by  testimony,  these  must  be  retained,  although  not  on  a  straight 
line — from  A  to  B.  The  township  line  was  not  run  on  a  straight  Une 
from  A  and  B.  It  was  run  mile  by  mile,  and  these  mile  points  are  as 
sacred  as  the  points  A  to  B.  (Land  Laws,  vol.  I,  pages  50,  71,  119  and 
120.) 

Therefore,  if  the  actual  survey,  as  ascertained  by  the  monuments,  show 
a  deflected  line,  it  is  to  be  regarded  as  the  true  one. — Bak^r  v.  Talbott, 
6  Monroe,  182;  Baxter  v.  Evett,  7  Monroe,  333.         ^ 

Township  comers  are  of  no  greater  authority  in  fixing  the  boundary  of 
the  survey  than  the  section  corners. — Wishart  r.  Crosby,  1  A.  R.  Marsh, 
383. 

.  Where  sections  are  bounded  on  one  side  \>y  a  township  line,  and  the 
line  cannot  be  ascertained  by  the  calls  of  the  plat,  it  seems  quite  clear 
that  if  the  corners  of  the  adjacent  section  corners  be  found,  this  is  better 
evidence-  to  locate  the  township  line  than  a  resort  to  course  merely. — 
1  Greenleaf  Evidence,  p.  369,  sec.  301,  note  2 ;  1  Richardson,  p.  497. 

Chief  Justice  Catoh's  Opinion, 

All  agree  that  courses,  distances  and  quantities  must  always  yield  to 
the  monumenti  and  marks  erected  or  adopted  by  the  original  surveyor,  as 
indicating  the  lines  run  by  him.  Those  monuments  arc  facts.  The  field 
notes  and  pla^s,  indicating  courses,  distances  and  quantities,  are  but 
description?  which  serve  to  assist  in  ascertaining  those  facts.   Established 
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monnmentfl  and  marked  trees  not  only  serre  to  show  the  lines  of  their 
own  tracts,  bat  they  are  also  to  be  resorted  to  in  eonneotion  with  the 
field  notes  and  other  oYidenoe,  to  fix  the  original  location  of  a  monument 
or  line,  which  has  been  lost  or  obliterated  by  time,  accident  or  design. 

The  original  monuments  at  each  extreme  of  this  line,  that  is,  the  one 
fi?e  miles  east,  and  the  other  one  mile  west  of  the  comer,  sought  to  be 
established,  are  identified,  but  unfortunately,  none  of  the  original 
moniunenta  and  marks,  showing  the  aotual  line  which  was  run  between 
townships  5  and  6,  oan  be  found ;  and  hence  we  must  recur  to  these  two,  as 
well  as  other  original  monuments  which  are  established,  in  connection 
with  the  field  notes  and  plats,  to  ascertain  where  those  monuments  were ; 
fvt  vhere  ih«y  were,  there  the  lines  are. 

Much  of  the  following  iefrom  Putnam  b  U,  S,  Digest: 

809a.  a  snrwey  whioh  starts  Arom  certain  points  and  lines  not  reoog- 
nised  as  boundaries  by  the  parties  themselves,  and  not  shown  by  the 
eTidenee  to  be  true  points  of  departure,  cannot  be  made  the  basis  of  a  judg- 
ment establishing  a  boundary.  12  La.  An.  689  (18.)  See  also  U.  S.  Digest, 
ToL  18,  see.  23,  Martin  tb.  Breauz. 

a.  A  party  is  entitled  to  the  lands  actually  apportioned,  and  where 
the  line  marked  out  upon  aotual  surrey  differs  from  that  laid  in  the  plat, 
tiie  former  controls  the  latter.     1  Head  (Tenn.)  60,  Mayse  ts.  Lafferty. 

h.  When  a  deed  refers  to  a  plat  on  record,  the  dimensions  on  the 
plat  must  govern  ;  and  if  the  dimension  on  the  plat  do  not  come  together, 
then  the  surplus  is  to  be  divided  in  proportion  to  the  dimensions  on  the 
plat    Marsh  vs.  Stephenson,  7  Ohio,  N.  S.  264. 

c  Courses  and  distances  on  a  plat  referred  to,  are  to  be  considered 
as  if  they  were  recited  in  the  deed.    Blaney  ts.  Bice,  20  Pick»  62. 

d.  Where,  on  the  line  of  the  same  survey  between  remote  comers, 
the  length  variee  from  the  length  recorded  or  called  for,  in  re-establishing 
intermediate  monuments,  marking  divisional  tracts,  it  is  to  be  presumed 
that  the  error  was  distributed  over  the  whole,  and  not  in  any  particular 
division,  and  the  variance  must  he  distributed  proportionally  among  the 
various  subdivisions  of  the  whole  line  according  to  their  respective 
lengths.  2  Iowa  (Clarke)  p.  189,  Moreland  vs.  Page.  Bailey  vs. 
ChambUn,  20  Ind.  88. 

«.  Where  the  same  grantor  conveys  to  two  persons,  to  each  one  a  lot 
of  land,  limiting  each  to  a  oertun  number  of  rods  from  opposite  known 
bounds,  running  in  direction  to  meet  if  extended  far  enough,  and  by 
admeasurement  the  lots  do  not  adjoin,  when  it  appears  from  the  same 
deeds  that  it  vras  the  intention  they  should,  a  rule  should  he  which  will 
fivide  the  surplus  over  the  admeasurement  named  in  the  deeds  ascer- 
tamed  to  exist  by  actual  measurement  on  the  earth,  between  the  grantees 
in  proportion  to  the  length  of  their  respective  lines  as  stated  in  their 
deeds.  28  Maine  279,  Lincoln  vs.  Edgecomb.  Brown  vs.  Gay,  8 
GreenL  118.    Wolf  vs.  Scarborough,  2  Ohio  St.  Bep.  868. 

Deficiency  to  be  divided  pro  rata.  Wyatt  vs.  Savage,  11  Maine  481. 

/.  Angel  on  Water  Courses,  sec.  67,  says  of  dividing  the  surplus : 
**  By  this  process  justice  irill  be  done,  and  all  interference  of  lines  and 
tito  prevented." 

{1 
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Vo  person  can,  vnder  different  temper&tures,  measure  the  same  line 
into  diTisions  a,  b,  o  and  d,  and  make  them  exactly  agree ;  but  if  the 
difference  is  diiided,  the  points  of  dlTision  will  be  the  same. 

When  we  compare  the  distance  on  a  map,  and  find  that  the  paper 
expanded  or  contracted,  we  haTC  to  allow  a  proportionate  distance  for 
•nch  Tarianoe.    (See  Table  II,  p.  165.) 

809b.  The  system  of  diriding  pro  rata  is  embodied  in  the  Canada 
Snrreyors'  Act,  and  quoted  at  sec.  S06  of  this  work.  It  is  also  the 
French  system. 

By  the  French  Ciril  Code,  Article  646,  all  proprietors  are  obliged  to 
haTC  their  lines  established.  In  case  it  may  be  snbseqaently  foond 
that  the  snrrey  was  incorrect,  and  that  one  had  too  much,  if  the 
excess  of  one  would  equal  the  deficit  of  the  other,  then  no  difficulty 
would  occur  in  di^ding  the  difference. 

If  the  excess  in  one  man's  part  is  greater  than  the  deficit  in  the  other, 
it  ought  to  be  diiided  j^ro  rata  to  their  respectlTe  quantities,  each  partici- 
pating in  the  gain  as  well  as  the  loss,  in  proportion  to  their  areas.  This 
is  the  opinion  of  the  most  celebrated  lawyers. 

The  following  is  the  French  text : 

**  Le  terrain  excidant  au  celui  qui  manque  derra  etre  partage  entre 
les  parties,  au  pro  rata  de  leur  quantite'  respectiye,  en  participant  au 
gain  comme  a  la  perte,  chacun  proportionnellement  a  leur  contenanoe ; 
e*mt  V  aim  deplw  celebres  jourisconsultes." 

AdTcrse  possession  or  presoriptiTO  right,  does  not  interfere  when  the 
encroachment  was  made  clandestinely  or  by  gradual  anticipation  made 
in  cultiTating  or  in  mowing  it. 

For  prescriptiTO  right,  see  the  French  CItU  Code,  Article  2262 : 

<*Cependant  la  prescription  ne  sera  jamais  iuToque  daus  le  cas  ou*  la 
possession  sera  dande^ine.  C'est^a-dire  lorsqu'  elle  est  le  resultat  d'une 
anticipation  faite  graduellement  en  labourant  ou  en  fauchant."  Cours 
Complet   D'Arpentage.  Paris,  1854.   Par.  D.  Puille,  p.  250. 

a.  No  one  has  a  right  to  establish  a  boundary  without  his  contiguous 
owner  being  present,  or  satisfied  with  the  surreyor  employed. 

The  expense  of  surrey  is  paid  by  the  adjacent  owners. 

The  loser  in  a  contested  surrey  has  to  pay  all  expenses.  In  a  dis- 
puted surrey,  each  appoints  a  surreyor,  and  these  two  appoint  a  third. 
If  they  cannot  agree  on  the  third  man,  the  case  is  taken  before  a  Justice 
of  the  Peace,  who  is  to  appoint  a  third  surreyor. 

The  surTeyors  then  read  their  appointments  to  one  another,  and  to 
the  parties  for  whom  the  survey  is  made.  They  examine  the  respeo- 
tire  titles,  original  or  old  boundaries,  if  any  exist,  all  land  marks,  and 
then  proceed  to  make  the  necessary  surrey,  and  plant  new  boundaries. 
On  their  plan  and  report,  or  proc$$t  verbal^  they  show  all  the  detail 
aboTO  recited,  mark  the  old  boundary  stones  in  black,  and  the  new  ones 
in  red. 

A  stone  is  put  at  every  angle  of  the  field,  and  on  every  line  at 
points  which  are  virible  one  from  another.  The  stones  are  in  some 
places  set  so  as  to  appear  four  to  six  inches  over  ground ;  but  where 
they  would  be  liable  to  be  damaged,  they  are  set  under  the  ground. 
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h.  Boundary  Witnesses,  Under  each  stone  is  made  a  hole,  filled  with 
delf,  dags  of  iron,  lime  or  broken  stones,  and  on  or  near  this,  is  a  piece 
of  date  on  which  the  sorveyor  writes  with  a  piece  of  brass  some  words 
called  a  mute  witness. 

Witness,  He  then  sets  the  stone  and  places  foor  other  stones  around  it 
ooneaponding  to  the  cardinal  points.  The  mute  vfitness  or  expression  can 
be  fimnd  after  an  elapse  of  one  hundred  jears,  prorided  it  has  been  kept 
from  the  atmosphere.    Ibid.  p.  262  and  258. 

The  United  States  take  pains  in  establishing  a  comer  where  no  wit- 
ness tree  can  be  made.  Under  the  stake  or  post  is  placed  charcoal. 
The  mound  and  pits  abont  it  are  made  in  a  particular  manner.  (See 
NO.  281.) 

In  Canada,  if  in  wood  land,  the  side  lines  from  each  comer  is  marked 
or  Uaxed  on  both  sides  of  the  line  to  a  distance  of  four  or  five  chains,  to 
serre  as  fature  witnesses. 

809o.  When  the  number  of  a  lot  on  a  plan  referred  to  in  the  deed,  is 
the  only  description  of  the  land  oouTeyed,  the  courses,  distances,  and 
other  particulars  in  that  plan,  are  to  have  the  same  effect  as  if  recited  in 
the  deed.    Thomas  ys.  Patten,  1  Shop.  829. 

In  ascertaining  a  lost  suirey  or  corner,  help  is  to  be  had  by  considering 
the  system  of  surrey,  and  the  position  of  those  already  ascertained.  See 
Iforeland  tb.  Page,  2  Clarke  (Iowa)  189. 

0.  Fixed  monuments,  control  courses  and  distances.  8  Clarke 
(Iowa)  148,  Sargent  tb.  Herod. 

h.  Metes  and  bounds  control  acres ;  that  is,  where  a  deed  is  given  by 
metes  and  bounds,  which  would  giro  an  area  different  from  that  in  the 
deed,  the  metes  and  bounds  will  control.    Dalton  ts.  Rust,  22  Texas  188. 

c  Metes  and  bounds  must  goTcm.  1  J.  J.  Marsh,  Wallace  ts. 
MaxweU. 

^  Marked  lines  and  comers  control  the  courses  and  distances  laid 
down  in  a  plat.    4  McLean  279. 

e.  If  there  are  no  monuments,  courses  and  distances  must  govern. 
U.S.  Mg.,  voL  1,  sec.  47. 

/  So  frail  a  witness  as  a  stake  is  scarcely  worthy  to  be  called  a  monu- 
ment, or  to  control  the  construction  of  a  deed.  Cox  ts.  Freedley,  88 
Pcnn.  State  &.  124. 

f.  Stakes  are  not  considered  monuments  in  N.  Carolina,  but  regarded 
IB  imaginary  ones.    8  Dot.  66,  Reed  ts.  Schenck. 

^  Idnes  aotoaUy  marked  must  be  adhered  to,  though  they  Tary  firom 
the  eoorse.    2  OTcrt  804,  and  7  Wheat.  7,  McNairy  ts.  Hightour. 

i  It  is  a  well  settled  rale,  that  where  an  actual  surTcy  is  made,  and 
■omunents  marked  or  erected,  and  a  plan  afterwards  made,  intended  to 
ddineate  such  surrey,  and  there  is  a  Tariance  between  the  plan  and  sur- 
^}  the  surrey  must  goTcm.    1  Shop.  829,  Thomas  ts.  Patten. 

i   The  actual  surTcy  derignated  by  lines  marked  on  the  ground,  is 
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the  inie  sarrey,  and  will  not  be  aflfected  by  subBequent  saireyB.    7 
Watts  91,  Norris  ts.  Hamilton. 

809d.    In  locating  land,  the  following  rules  are  resorted  to,  and  gener- 
ally in  the  order  stated : 

1.  Natural  boundaries,  as  riyers. 

2.  Artificial  marks,  as  trees,  buildings. 
8.    Adjacent  boundaries. 

4.  Courses  and  distances. 

Neither  rule  howeyer  occupies  an  inflexible  position,  for  when  it  iB 
plain  that  there  is  a  mistake,  an  inferior  means  of  location  may  control 
a  higher.     1  Richardson  491,  Fulwood  ts.  Graham. 

a.  Description  in  a  boundary  is  to  be  taken  strongly  against  tke 
grantor.    8  Connecticut  869,  Marshall  ts.  Niles. 

b.  Between,  excludes  the  termim.    1  Mass.  91,  Reese  vs.  Leonard. 

5.  Where  the  boundaries  mentioned  in  a  deed  are  inconsistent  wiik 
one  another,  those  are  to  be  retained  which  best  subserre  the  preTailinip 
intention  manifested  on  the  face  of  the  deed.  Ver.  511,  Gates  ts.  Lewis. 

809b.    The  most  material  and  most  certain  calls  shall  control  those 
that  are  less  certain  and  less  material.    7  Wheat  7,  Newsom  vs.  "Prji 
Thomas  vs.  Godfrey,  8  Gill  &  Johnson  142. 

a.  What  is  most  material  and  oertUn  controls  what  is  less 
86  N.  H.  669,  Hale  vs.  Davis. 

b.  ,  The  least  certainty  in  the  description  of  lands  in  deeds,  muM 
yield  to  the  greater  certainty,  unless  the  apparently  eonflioting  desorip- 
tion  can  be  reconciled.     11  Conn.  885,  Benedict  vs.  Gaylord. 

809r.  Where  the  boundaries  of  land  are  fixed,  known  and  mi- 
questionable  monuments,  although  neither  course  nor  distance,  nor 
the  computed  contents  correspond,  the  monuments  must  govern.. 
6  Mass.  181.    2  Mass.  880.    Peman  vs.  Wead.    Howe  vs.  Bass. 

a.  A  mistake  in  one  course  does  not  raise  a  presumption  of  a  mistake 
in  another  course.    6  Litt.  98,  Bryan  vs.  Beekley. 

6.  When  there  are  no  monuments  and  the  courses  and  distancoB 
cannot  be  reconciled,  there  is  no  universal  rule  that  requires  one  of 
them  to  yield  to  the  other ;  but  either  may  be  preferred  as  best  com- 
ports with  the  manifest  intent  of  parties,  and  with  the  circumstances  of 
the  case.    U.S.  Dig.,  vol.  1,  sec.  18. 

e.    The  lines  of  an  elder  survey  prevail  over  that  of  a  junior,    lb.  77. 

d.  Boundaries  may  be  proved  on  hearsay  evidence.    Ibid.  167. 

e.  The  great  principle  which  runs  through  all  the  rules  of  location 
is,  that  where  you  cannot  give  effect  to  every  part  of  the  description, 
that  which  is  more  fixed  and  certain,  shall  prevail  over  that  which  is 
less.    1  Shobhart  143,  Johnson  vs.  McMillan. 

809o.  A  line  is  to  be  extended  to  reach  a  boundary  in  the  direction 
called  for,  disregarding  the  distance.    U.  S.  Dig.  vol.  7,  16. 
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0.  Distances  may  be  increased  and  sometimes  coarses  departed  from, 
in  order  to  preserre  the  boundary,  but  the  rule  authorises  no  other  de- 
ptitnre  from  the  former.    Ibid.  18. 

&  If  no  principle  of  location  be  Tiolated  by  closing  from  either  of 
two  points,  that  may  be  closed  from  which  will  be  more  against  tbe 
giantor,  and  enclose  the  greater  quantity  of  land.    Ibid.  seo.  14. 

809h.  What  are  boundaries  described  in  a  deed)  is  a  question  of  law, 
(he  place  of  boundaries  is  a  matter  of  fact.  4  Hawks  64,  Doe  vs. 
Pune. 

a.  What  are  the  boundaries  of  a  tract  of  land,  is  a  mere  question 
of  eonstructton,  and  for  the  court ;  but  where  a  line  is,  and  what  are 
fMts,  mnst  be  found  by  a  jury.    13  Ind.  879,  Burnett  ts.  Thompson. 

b.  It  is  not  necessary  to  prove  a  boundary  by  a  plat  of  survey  or 
Ml  notes,  but  they  may  be  proved  by  a  witness  who  is  acquainted  with 
the  comers  and  old  lines,  run  and  established  by  the  surveyor,  though 
ht  never  saw  the  land  surveyed.    17  Miss.  469,  Weaver  vs.  Bobinett. 

e.  A  fence  fronting  on  a  highway  for  more  than  twenty  years,  is 
not  to  be  the  true  boundary  thereof  under  Bev.  St.  C.  2,  if  the  original 
boimdary  oan  be  made  certain  by  ancient  monuments,  although  the 
flame  are  not  now  in  existence.    11  Gush  (Mass.)  487,  Wood  vs.  Quinoy. 

i.  The  marked  trees,  according  to  which  neighbors  hold  their  distinct 
land  when  proved,  ought  not  to  be  departed  from  though  not  exactly 
•greeing  with  the  description.  8  Call.  289.  7  Monroe,  888.  Herbert 
T8.  Wise.    Baxter  vs.  Evett.    Bockwell  vs.  Adams. 

<.  Where  a  division  line  between  two  adjoining  tracts  exists  at  its 
two  extremities,  and  for  the  principal  part  of  the  distance  between  the 
tvo  tracts,  and  as  such  is  recognized  by  the  parties,  it  will  be  considered 
a  continuous  line,  although  on  a  portion  of  the  distance  there  is  no  im- 
provement or  division  fence.    6  Wendell  467. 

/•  If  the  lines  were  never  marked,  or  were  effaced,  and  their  actual 
position  cannot  be  found,  the  patent  courses  so  far  must  govern.  2 
I^ft  2.    1  Bibb.  466.    Dlmmet  vs.  Lashbrook.    Lyon  vs.  Ross. 

9'  Or,  if  the  comers  are  given,  a  straight  line  from  comer  to  corner 
most  be  pursued.    Dig.  vol.  1,  sec.  88. 

h.   AbntCUs  are  not  to  be  disregarded.    Ibid.  vol.  12,  sec.  4. 

^K^  Where  there  is  no  testimony  on  variation,  the  court  ought  not 
to  instruct  on  that  subject.    Wilson  vs.  Inloes,  6  Gill  121. 

a*  The  beginning  comer  has  no  more,  or  the  certificate  of  survey  has 
M  greater,  dignity  than  any  other  comer.  4  Dan.  882,  Pearson  vs. 
Baker. 

&•  See.  84.  Where  no  comer  was  ever  made,  and  no  lines  appear 
'"^Bing  i^tt  the  other  comers  towards  the  one  desired,  the  place  whefe 
tlte  eoarses  and  distances  will  intersect,  is  the  comer.  1  Marsh  882. 
^Uouroe  882.     Wishart  vs.  Crosby.    Thoroberry  vs.  Churchill. 


72b/  qbodidioal  jvbispbudknci. 

e.  The  land  miut  be  lM>anded  by  oounee  and  diBtances  in  the  deed 
where  there  are  no  monnments,  or  where  they  are  not  distinguishable 
from  other  monuments.    Dig.,  vol.  1,  sec.  47,  48,  49. 

d,  SeTenty  aores  in  the  B.  W.  comer  of  a  section,  means  that  it  most 
be  a  sqnare.    2  Ham.  827,  Walsh  tb.  Rnger. 

809j.  The  plat  is  proper  evidenee.  Dig.,  yoL  1,  sec.  61,  and  Snp. 
4,  sec.  61. 

a.  Mistake  in  the  patent  may  be  corrected  by  the  plat  on  record. 
The  snrrey  is  equal  dignity  with  the  patent.    Dig.,  yoI.  1,  sec  60. 

b,  A  surrey  returned  more  than  twenty  years,  is  presumed  to  be 
correct.    7  Watts  91,  Norris  ts.  Hamilton. 

809k.  Declaration  by  a  surreyor,  chain  carrier,  or  other  persons 
present  at  a  surrey,  of  the  acts  done  by  or  under  the  authority  of  the 
surreyor,  in  making  the  surrey,  if  not  made  after  the  case  has  been 
entered,  and  the  person  is  dead,  is  admissible.  U.  S.  Dig.,  toI.  12, 
Boundary,  sec.  10.    See  also  English  Law  Reports,  toI.  88,  p.  140. 

a.  An  old  map,  thirty  years  amongst  the  records,  but  no  date,  and 
the  clerk,  owing  to  his  old  age,  could  give  no  account  of  it,  m^ 
admissible.    Gibson  ts.  Poor,  1  Foster  (N.  H.)  240. 

809l.  The  order  of  the  lines  in  a  deed  may  be  reyersed.  4  Dana 
822,  Pearson  ts.  Baxter. 

a.  Trace  the  boundary  in  a  direct  line  from  one  monument  to 
another,  whether  the  distance  be  greater  or  less.  41  Maine  601,  Melche 
TS.  Merryman. 

Note.    This  is  the  same  as  the  U.  S.  Act  of  11th  February,  1806. 

b.  Northward  means  due  north.    Haines  298.    Dig.,  toI.  1,  sec.  4. 

Northerly  means  north  when  there  is  nothing  to  indicate  the  inclination 
to  the  east  or  west    1  John  156,  Brandt  ts.  Ogden. 

e.  It  is  a  well  settled  fact,  where  a  line  is  described  as  running 
towards  one  of  the  cardinal  points,  it  must  run  directly  in  that  course, 
unless  it  is  controlled  by  some  otject.  8  Porter  9,  Hogan  ts.  Campbell. 

e.  A  surTcy  made  by  an  owner  for  his  own  couTenience,  is  not 
admissible  OTidenoe  for  him  or  those  claiming  under  him.  1  Dot.  228, 
Jones  TS.  Huggins. 

809ic.  Parties,  to  establish  a  oouTentional  boundary,  must  themselTes 
haTO  good  title,  or  the  subsequent  owners  are  not  bound  by  it.  1  Sneeds 
(Tenn.)  68,  Rogers  ts.  White. 

a.  Parties  are  not  bound  by  a  consent  to  boundaries  which  haTe  been 
fixed  under  an  cTident  error,  unless,  perhaps,  by  the  prescription  of 
thirty  years.    12  La.  An.  780,  Gray  ts.  CawTillon. 

6.  The  admission  by  a  party  of  a  mistaken  boundary  line  for  a  true 
one,  has  no  effect  upon  his  title,  unless  occupied  by  one  or  both  for 
fifteen  years.    10  Vermont  88,  Growell  ts.  Bebee. 
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e,  A  hasty  recognition  of  a  line,  does  not  estop  the  owner.  Oyerton 
n.  Cannon,  2  Humph.  264. 

<L  In  a  diTision  of  land  between  two  parties,  if  either  was  decelTed 
bj  the  innocent  or  frandnlent  misrepresentation  of  the  other,  or  there 
WIS  any  mistake  in  regard  to  their  right,  the  division  is  not  binding 
m  either.    14  Georgia  884,  Buley  ys.  Jones. 

<.  A  diTision  line  mistakenly  located  and  agreed  on  by  ad|joining 
proprietors,  will  not  be  held  binding  and  conolusiye  on  them,  if  no  in- 
JQStiee  would  be  done  by  disregarding  it.  U.  S.  Digest,  toI.  18,  sec.  82. 
See,  also,  29  N.  T.  892,  Coon  ts.  Smith.    English  Reports  42,  p.  807. 

/.  A  mistaken  location  of  &e  line  between  the  owners  of  oontignons 
lots  is  not  conelasiye  between  the  immediate  parties  to  such  location,  bnt 
may  he  corrected.    App.  412,  Colby  ts.  Norton. 

ff.  If  S  snrreys  for  A,  A  is  not  estopped  from  claiming  to  the  true 
Ime.    9  Terg.  455,  Gilchrist  ts.  MoGee. 

k.  When  owners  establish  a  line  and  make  yalnable  improTcments, 
they  cannot  alter  it.    LaTcrly  ts.  Moore,  83  N.  T.  650. 

809k.  a  fence  between  tenants,  in  common,  if  taken  down  by  one 
of  them,  the  others  haTC  no  cause  of  action  in  trespass.  2  Bailey  880, 
Gibson  TS.  Vaughn. 

809o.  A  line  recognised  by  contiguous  owners  for  thirty  years,  con- 
trols the  courses  and  distances  in  a  deed.  82  Penn.  State  R.  802, 
BawBon  ts.  Mills. 

a,  A  line  agreed  on  for  thirty  years,  cannot  be  altered*  10  Watts 
821,  Chew  TS.  Morton. 

A.  Adjacent  owners  fixed  stakes  to  indicate  the  boundary  of  water 
lots.  One  filled  the  part  he  supposed  to  belong  to  him;  the  other,  being 
cognisant  of  the  progress  of  the  work,  held  that  the  other  and  his 
griatees  were  estopped  to  dispute  the  boundary.  82  Barb.  (N.  T.)  847, 
LsTcrty  ts.  Moore. 

e.  To  establish  a  consentable  line  between  owners  of  adjoining  tracts, 
knowledge  of,  and  assent  to  the  line  as  marked,  must  be  shown  in 
both  parties.    4  Barr.  284,  Adamson  ts.  Potts. 

d.  When  two  parties  own  equal  parts  of  a  lot  of  land,  in  scTeralty, 
but  not  diTided  by  any  Tisible  monuments,  if  both  are  in  possession  of  their 
lespectiTc  parts  for  fifteen  years,  acquiescence  in  an  imaginary  line  of 
<fiTiBion  during  that  time,  that  line  is  thereby  established  as  a  dlTisional 
line.    9  Yemon  852,  Beeoher  ts.  Parmalee. 

e.  Sec.  20.  Where  parties  haTC,  without  agreement,  and  ignorant  of 
thttr  right,  occupied  up  to  a  diTision  line,  they  may  change  it  on  dis- 
•OTcring  their  mistake.    Wright  576,  ATcry  ts.  Baum. 

/.  Where  A  and  B  and  their  hired  man  built  a  fence  without  a  eom- 
piBS,  and  acquiesced  in  the  fence  for  fifteen  years,  it  was  held  to  be  the 
true  line  in  Vermont.    18  Verm.  895,  Ackley  ts.  Nnck. 
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g.  Quantity  generally  oannot  control  a  location.   Dig.  toI.  10,  sec.  4d. 

A.  Long  and  notorions  possession  infer  legal  possession.  Neweom 
▼s.  Leary,  8  Iredell  49. 

i.  A  hasty,  ill-adYised  recognition  is  not  binding.  Norton  ts.  Gan- 
non, Dig.,  Yol.  4,  sec.  78. 

j.  The  line  of  dirision  must  be  marked  on  the  gronnd,  to  bring  it 
within  the  bounds  of  a  dosed  survey.    Ibid.  sec.  106. 

it.  Bounded  by  a  water  eoune^  according  to  English  and  American 
decisions,  means  to  the  centre  of  the  stream.  (See  Angel  on  WaUr 
Courtee,  ch.  1,  sec.  12.) 

L  East  and  north  of  a  certain  stream  includes  to  the  tliread  thereot 
Palmer  ts.  Mulligan,  8  Caines  (N.  T.)  819. 

fli.  Bank  and  water  are  correlatiye,  therefore,  to  a  monument  standing 
on  the  bank  of  a  riTcr,  and  running  by  or  along  it,  or  along  the  shore, 
includes  to  the  centre.    20  Wend.  (N.Y.)  149.    12  John.  (N.Y.)  252. 

ft.  Where  a  map  shows  the  lots  bounded  by  a  water  course,  the  lots 
go  to  the  centre  of  the  river.    Newsom  vs.  Pryor,  7  Wheat.  (U.  8.)  7. 

o.  To  the  bank  of  a  stream,  includes  the  stream  itself.  Hatch  tb. 
Dwight,  17  Mass.  299. 

p.    Up  a  creek,  means  to  the  middle  thereof.    12  John.  252. 

q.  Where  there  are  no  controlling  words  in  a  deed,  the  bounds  go  to 
the  centre  of  the  stream.  Herring  vs.  Fisher,  1  Sand.  Sup.  Co.  (N.T.) 
844. 

r.  Land  bounded  by  a  river,  not  navigable,  goes  to  the  centre,  unless 
otherwise  reserved.  Nicholas  vs.  Siencocks,  84  N.  H.  846.  9  Cualang 
492.  8  Kernan  (N.Y.)  296.  18  Barb.  (N.  Y.)  14.  McCullough  vs.  Wall, 
4  Rich.  68.  Norris  vs.  Hill,  1  Mann.  (Biich.)  202.  Canal  Trustees  vs. 
Havern,  5  Gilman  648.  Hammond  vs.  McLaughlin,  1  Sandford  Sap. 
Ct.  B.  828.  Orindorf  vs.  Steel,  2  Barb.  Sup.  Ct.  R.  126  8  Scam.  HI. 
610.  State  vs.  Gilmanton,  9  N.  Hamp.  461.  Luce  vs.  Cartey,  24  ^eod. 
541.    Thomas  vs.  Hatch,  8  Sumner  170. 

8,  On,  to,  by  a  bank  or  margin,  cannot  include  the  stream.  6  Cow. 
(N.  Y.)  649. 

L  A  water  course  nu^y  sometimes  become  dry.  Gavett's  Administra- 
tors vs.  Chamber,  8  Ohio  496.  This  contains  important  reasons  for 
going  to  the  centre  of  the  stream. 

u.   Along  the  bank,  excludes  the  stream.    Child  vs.  Starr,  4  Hill  869. 

o.  A  corner  standing  on  the  bank  of  a  creek;  thence  down  the 
creek,  etc.  Boundary  is  the  water's  edge.  McCulloch  vs.  Allen,  2 
Hamp.  809,  also  Weakley  vs.  Legrand,  1  Overt.  206. 

w.  To  a  creek,  and  down  the  creek,  idth  the  meanders,  does  ttot 
convey  the  channel.  Sanders  vs.  Kenney,  J.  J.  Marsh  187.  (See  next 
page,  which  has  been  printed  sometime  in  advance  of  this.) 
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BonuMBts  and  auked  treea  not  only  serre  to  show  with  oertoinly  the 
lines  of  their  own  tracts,  but  they  are  also  to  be  resorted  to  in  connection, 
vith  the  field  notes  and  other  eridenoe  to  fix  the  original  location  of  a 
BoaasBent  or  line  which  has  been  lost,  or  obliterated  by  time,  accident, 
or  design. 

The  original  monnments  at  each  extreme  of  this  line— that  is,  the  one 
in  miles  east,  and  the  other  one  mile  west  of  the  corner — sought  to  bo 
established,  are  identified ;  bat,  nnfortunately,  none  of  the  original  monn- 
SMots  and  marks,  showing  the  actual  line  which  was  mn  between  town- 
ships 6  and  6,  can  be  found,  and  hence  we  must  recur  to  these  two,  as 
veil  as  other  original  monuments,'  which  are  established  in  connection 
vith  the  field  notes  and  plats,  to  ascertain  where  those  monuments  were, 
for  when  ike^  were,  there  the  foist  are. 
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809a.  Bmment  iomam  is  the  right  retained  by  the  goTsniment  orer  the 
estates  of  owners,  and  the  power  to  take  any  part  of  them  for  the  pnblio 
use.  First  paying  the  Talue  of  the  property  so  taken,  or  the  damages 
sustained  to  their  respectlTe  owners.   8  Paige,  N.  T.  Chancery  Rep.  46. 

The  British  Crown  has  the  right  of  eminent  domain  OTcr  tidal  riTers 
and  narigable  waters,  in  her  American  colonies.  Each  of  the  United 
States  haTC  the  same.  See  Pollard  t.  Hogan,  8  Howe,  Rep.  228 ;  Good- 
title  T.  Kibbe,  9  Howe  Bep.  117 ;  Stradar  ▼.  Graham,  10  Howe  Rep.  96; 
Doe  T.  Beebe,  18  Howe  Rep.  26.  From  these  appear  that  the  State  has 
juisdietion  oTer  narigable  waters,  prorided  it  does  not  conflict  with  any 
proTision  of  the  general  goTemment  The  Constitution  of  the  U.  States 
Teserres  the  power  to  regulate  commerce — ^whioh  Jurists  admit  to  include 
tbe  right  to  regnlate  narigation,  and  foreign  and  domestic  intercourse,  on 
narigable  waters.  On  those  waters  the  general  gOTcmment  exercises  the 
pover  to  license  Tcssels,  and  establish  )»orts  of  entry,  eonsequentiy  it  can 
pnrent  the  construction  of  any  material  obstruction  to  navigation,  and 
deelare  what  roles  and  regulations  are  required  of  TesseLs  narigating 
theoL 

Preter^pthe  tighi  must  set  forth  that  the  occupier  or  person  claiming 
any  tatement,  has  been  in  an  open,  peaceable  and  uninterrupted  possession 
of  that  which  is  claimed,  during  the  time  prescribed  by  the  statute  of 
hmitation  of  the  country,  or  state  in  which  the  eaeemeiU  is  situated. 

In  Sngland,  the  prescribed  time  is  20  years.    Balston  t.  Bensted, 

1  Campbell  Rep.,  468;  Bealey  t.  Shaw,  6  East.  Rep.  216. 

Id  the  United  SUtes  the  time  is  different— in  New  Hampshire,  20 ; 
Tennont  and  Connecticut,  16 ;  and  South  Carolina,  6  years. 

Water  Ctmree,  is  a  body  of  water  flowing  towards  the  sea  or  lake,  and 
b  either  private  or  public.    It  consists  of  bed,  bank  and  water. 

PuiUe  water  course,  is  a  naTigable  stream  formed  by  nature,  or  made 
■ad  dedicated  to  the  public  as*  such  by  artificial  means.  Narigable 
■Ansau  may  become  sometimes  dry. 

A  ttream  which  can  be  used  to  transport  goods  in  a  boat,  or  float  rafts 
of  timber  or  saw  logs,  is  deemed  a  narigable  stream,  and  becomes  a  pub- 
1m  highway.  But  a  stream  made  narigable  by  the  owners,  and  not  dedi- 
tsted  to  the  public,  is  a  private  watsr  course.    See  Wadsworth  t.  Smith, 

2  Fiiifteld,  Maine  Rep.  278. 
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The  ownert  of  the  a^oining  lands  haTe  a  title  to  the  bed  of  the  rinr; 
•each  proprietor  going  to  the  centre,  or  thread  thereof,  when  the  river  it 
made  the  boundary. 

8hoald  the  river  become  permanently  dry  on  account  of  being  turned 
oif  in  some  other  direction ;  or  other  cause,  then  the  adjoining  r^tarim 
owners  claim  to  the  centre  of  th»  bed  of  the  stream,  the  §ame  as  if  it  iMn 
a  public  highway . 

Bounded  by  a  water  coune — signifies  that  the  boundary  goes  to  the 
centre  of  the  river.  Morrison  t.  Keen,  8  Greenleaf^  Maine  Rep.  474 ; 
1  Randolph,  Va.,  Rep.  420 ;  Waterman  t.  Johnson,  8  Pickering,  Mass. 
R.,  261 ;  Stor  t.  Ohild,  20  Wendell,  N.  Y.  Rep.,  149. 

To  a  twamp,  means  to  the  middle  of  the  stream  or  creek,  unless  de- 
.soribed  to  the  edge  of  the  swamp.  Tilder  t.  Bonnet,  2  McMuli  South 
Carolina  Report,  44. 

Any  unreasonable  or  material  impediment  to  naTigstien  placed  in  a 
narigable  stream,  is  a  public  nuisance.  12  Peters,  U.  S.  Rep.  91.  The 
legislature  cannot  grant  leave  to  build  an  obstruction  to  navigatioa. 
6  Ohio  Rep.,  410. 

A  vrinier  way  on  the  ice,  dedicated  to  the  public  for  20  years,  becomes  a 
highway,  and  cannot  be  obstructed.    6  Shepley,  Maine  Rep.,  438. 

The  legislature  cannot  declare  a  river  navigable  which  is  not  really  so, 
unless  they  pay  the  riparian  owners  for  all  damages  sustained  by  them. 
16  Ohio  Rep.  540. 

lUoen  in  which  the  tide  ebbs  and  flows  fire  public,  both  their  water  and 
bed  as  far  as  the  water  is  found  to  be  affected  by  local  influences,  but 
above  this,  the  riparian  owners  own  to  the  centre  of  the  river,  and  have  tht 
exclusive  right  of  fishing,  etc.,  the  public  haring  the  right  of  highway. 
See  26  Weodell,  N.  T.  Rep.  404. 

BankM  of  a  naoiffobU  river  are  not  public  highways,  unless  so  dedicated, 
as  the  banks  of  the  Mississippi,  in  Illinois  and  Tennessee,  and  the  riven 
of  Missouri  for  a  reasonable  time.  See  4  Missouri  Rep.  848  ;  8  Scaffl" 
men  610. 

This  last  decision  had  reference  to  a  place  in  an  ujobroken  forest, 
where  it  was  admitted  that  the  navigators  had  a  right  to  land  and  fasten 
to  the  shore.  It  would  be  unfair  to  give  a  captidn  and  crew  of  any  vessel 
the  right  to  land  on  a  man's  wharf,  or  in  his  enclosure  without  bis  per- 
mission ;  therefore,  it  would  appear  **  that  the  public  have  the  privilege 
to  come  upon  the  river  bank  so  long  as  it  is  vacant,  although  the  owner 
may  at  any  time  occupy  it,  and  exclude  all  mankind.*'  Austin  v.  Car- 
ter, 1  Mass.  Rep.  281. 

Obstructing  navigation  by  building  bridges  without  an  act  of  the  legislsr 
ture,  sioking  impediments  or  throwing  out  fiUh^  which  would  endanger  the 
health  of  those  navigating  the  river,  is  a  nuisance.  See  Russel  on  Crimes 
486.  Although  an  obstraction  may  be  built  under  an  act  of  the  legisU- 
ture  in  navigable  waters,  he  who* maintains  it  there,  is  liable  for  ssy 
damage  sustained  by  any  vessel  or  navigator  narigating  therein.  4 
Watts,  Pennsylvania  Rep.  487. 

Bridges  can  be  built  over  navigable  rivers  by  first  obtidning  an  act  of  the 
legislature,  Commonwealth  v.  Breed,  4  Pick,  Massachusetts  R.  460; 
Strong  V.  Dunlap,  10  Humphrey,  Tenn.  R.  428.  See  Angel  on  Highw*;^ 
sec.  4. 
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Hie  Stftte  of  Virginia,  anthoriied  a  company  to  baild  a  bridge  at 
Wbeding,  aoroas  the  eavtern  channel  of  the  Ohio  river,  it  was  enspended 
10  low  M  to  obstraot  Inateriallj  the  nayigation  thereof.  The  Saperior 
Coort  ordered  ita  remoTal,  but  gave  them  a  limited  time  to  remove  it  to  the 
otker  channel,  where  the  company  proposed  to  have  sufficient  depth  of 
Yster  and  a  drawbridge  of  200  feet  wide.  The  Court  did  not  consider 
the  sdditional  length  of  channel  nor  the  necessary  time  in  opening  the 
ditw  a  material  impediment  Subsequently  an  act  of  Congress  declared 
the  first  bridge  built  on  the  eastern  channel  not  to  be  a  material  or  unrea' 
enable  obitrueUon,  and  ordered  that  captains  and  crews  of  Tessels  naviga- 
ting on  the  river  should  govern  themselves  accordingly  by  lowering  their 
chimneys,  etc.     18  Howe  Rep.  618;  18  Howe  Rep.  421. 

If  a  bridge  is  built  across  a  river  in  a  reasonable  situation,  leaving 
soffieient  space  for  vessels  to  pass  through,  and  causing  no  unreasonable 
delay  or  obetmction,  and  is  built  for  the  public  good,  it  is  not  deemed  a 
aoisanee.    Bex  t.  Bnssel,  §  Bam.  and  Cresw.  566;  16  Wendell,  188. 

for  further,  see  Judge  Oaton's  decision  in  the  Bock  Island  Bridge  case, 
dsUvered  in  1862. 

Cmait.  If  after  being  built,  a  new  road  is  made  oyer  it,  the  eanal 
eonpaoy  is  not  obliged  to  erect  a  bridge.  Morris  Canal  v.  State,  4  Zab- 
rnkie,  N.  7.  Bep.  62. 

In  Ameriea,  when  two  boats  meet,  each  turns  to  the  right  They  carry 
lights  at  the  bow.  Freight  boats  must  give  away  to  packet  or  passenger 
boats.    Famsworth  t.  Groot,  6  Cowen,  N.  T.  Bep.  698. 

In  Pennsylvania,  the  descending  boat  has  preference  to  the  ascending. 
Aotof  Pennsylyania,  April  10,  1826. 

Ferha.  The  owner  of  a  public  ferry  ought  to  own  the  land  on  both 
rides  of  the  riyer.  Savill  11  pi.  29.  A  ferry  cannot  land  at  the  terminus 
of  a  pnblic  highway,  without  the  consent  of  the  riparian  owners.  Cham- 
bers V.  Ferry,  1  Teates.  A  use  of  twenty  years,  does  not  confer  the 
right  to  land  on  the  opposite  side  without  the  consent  of  the  ac^acent 
owners. 

If  A  erects  a  dam  or  ditch  on  his  own  land,  provided  it  does  not  over- 
flow the  land  of  his  neighbor  B,  or  diverts  the  water  from  him,  he  is 
jostified  in  so  doing.  Colbome  y.  Bichards,  18  Mass.  Bep.  420.  But  if 
A  iojures  B,  by  diverting  the  water  or  overflowing  his  land,  B  is  empow- 
ered to  enter  on  A's  land  and  remove  the  obstructions  when  finished,  but 
not  during  the  progress  of  the  work,  doing  no  unnecessary  damage,  or 
eausiag  no  riot  In  this  case,  B  cannot  recover  damages  for  expense  of 
removal,  ete.  If  B  enters  suit  against  A,  he  recovers  damages,  and 
the  nuisance  is  abated.  Gleason  v.  Gary,  4  Connecticut  Bep.  418;  8 
Blaekstone  Comm.  0  Mass.  Bep.,  216;  2  Dana,  Kentucky  Bep.  168. 

If  B,  C  and  D,  as  separate  owners,  cause  a  nuisance  on  A's  property,  A 
eta  sue  either  of  the  offending  party,  and  the  non -joinder  of  the  others 
esaoot  be  pleaded  in  abatement    1  Chitty's  Pleadings,  76. 

The  tenant  may  sue  for  a  nuisance,  even  though  it  be  of  a  temporary 
uture.    Angel  on  Water  Courses,  chap.  10,  sec.  898. 

The  reversioners  may  also  have  an  action  where  the  nuisance  is  of  a 
penaanent  one.    Jbid, 

If  A  and  B  own  land  on  the  same  river,  one  above  the  other,  one  of 
thsB  cannot  erect  a  dam  which  would  prevent  the  passage  of  fish  to  the 
•Oct.    Weld  t.  Hornby,  7  East  B.  196 ;  6  Pickering,  Mass.  Bep.  199. 
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Om  riparita  owner'  oannot  diyert  any  part  of  the  water  ditidiag 
estate,  without  the  oonsent  of  the  other ;  as  each  has  a  right  to  iJie  use 
of  the  whole  of  the  stream.    18  Johnson,  N.  T.  Bep.  212. 

It  is  not  lawful  for  one  riparian  owner  to  erect  a  dam  so  as  to  divert 
the  water  |n  another  direction,  to  the  injnry  of  any  other  ownir. 
8  Scammon,  Illinois  Rep.  492. 

Where  mills  are  sitoate  on  both  banks  of  a  riyer,  each  haTug  an 
equal  right  j  one  of  them,  in  dry  weather,  is  not  allowed  to  use  more  than 
his  share  of  the  water.    See  Angel  on  Water  Courses,  chap.  4.  p.  10&. 

One  mill  cannot  detain  the  water  from  another  lower  down  the  stresaai, 
nor  lessen  the  supply  in  a  giyen  time.    13  Conneolicnt  Rep.  808. 

One  riparian  owner  cannot  oyerflow  land  aboTC  or  below  him  by  meani 
of  a  dam  or  sluices,  etc.,  or  by  retaining  water  for  a  time,  and  then  let- 
ting it  escape  suddenly.  See  7  Pickering,  Massachusetts  Rep.  76,  and 
17  Johnson,  N.  T.  Rep.  806. 

Hence  appears  the  legality  of  constmoting  works  to  protect  so 
owner's  land  from  being  oTcrflowed.  Such  work  may  be  dams  or  drtiiu 
leading  to  the  nearest  natural  outfall ;  for  it  is  efrident,  that  if  by  making 
a  dndn,  ditch  or  canal,  to  carry  off  any  OTerflow  to  the  nearest  outlet, 
such  proceedings  would  be  legal,  and  the  party  causing  the  overflov 
would  haTO  no  cause  of  oomplunt  Meirill  t.  Parker  Coxe,  New  Jersej 
Rep.  460. 

For  the  purpose  of  Irrigation,  A  man  cannot  materially  diminish  the 
water  that  would  naturally  flow  in  a  water  course.  Hall  y.  Swift,  6  Scott 
R.  167.  He  may  use  it  for  motive  power,  the  use  of  his  family,  and 
watering  his  cattle ;  also  for  the  purpose  of  irrigating  his  land,  prorided 
it  does  not  injure  his  neighbors  or  depriTO  a  mill  of  the  use  of  the  water. 
That  which  is  made  to  pass  oTer  his  land  for  irrigation  if  not  absorbed 
by  the  soil,  is  to  be  returned  to  its  natural  bed.  Arnold  t.  Foot,  12 
Wendell,  N.  T.  Rep.  880;  Anthony  t.  Lapham,  6  Pickering,  MasB. 
Rep.  175. 

A  riparian  owner  has  no  right  to  build  any  work  which  would  in  ordi- 
nary flood  cause  his  neighbor's  land  to  be  overflowed,  eren  if  such  was  to 
protect  his  own  property  from  being  destroyed.  Angel  on  Water  Courses, 
chap.  9,  p.  884. 

In  seyeral  countries,  the  law  authorizes  A  to  construct  a  drain  or  ditch 
from  the  nearest  outlet  of  the  overflow  on  his  land,  along  the  lowest  level 
through  his  neighbor's  land,  to.  the  nearest  outfall.  This  is  the  law  in 
Canada.    Callis  on  Sewers,  186. 

If  A  raises  an  obstruction  by  which  B's  mill  grinds  slower  than  before, 
A  is  liable  to  action.  7  Con.  N.  Y.  Rep.  266,  and  1  Rawld;  Penn.  Rep. 
218. 

Back  water.  No  person  without  a  grant  or  license  is  allowed  to  raise 
the  water  higher  than  where  it  is  in  its  natural  state,  or,  unless  the  lo 
doing  has  been  uninterruptedly  done  for  twenty  years.  Regina  v.  North 
Midland  Railway  Company,  Railway  Cases,  vol  2,  part  1.  p.  1. 

No  one  can  raise  the  level  of  the  water  where  it  enters  his  land,  nor 
lower  it  where  It  leaves  it    HiU  v.  Ward,  2  GilL  HI.  Rep.  286. 


Lat  a  1  repreieat  vbs  butIocc  of  a  uaitorm  obuuel,  aud  u  t>  ilB  boltom. 

Lst  (P  I  ^  datum  Jint,  parallel  to  tbe  horiiaa  ;  f  b,  g  m,  h  d  and  1 1  the 
nspeotiTfi  hcightB  above  datum.  Let  frotn  a  to  £  belong  to  A,  b  to  d 
belong  to  B,  and  dtot  belong  to  C.  6  fouid  that  on  fail  Uad  he  had  10 
re«t  of  a  fall  from  if  Co  n,  aad  the  same  from  n  to  /.  Re  built  t,  daiD  ^ 
e  aa,  making  the  tnrface  of  the  vater  at  z  the  same  height  as  tbe  point  d, 
and  elaimed  that  be  did  no  injur;  to  the  oirner  C.  If  C  bad  a  peg  or 
Kfcreneo  mark  at  d,  before  B  raised  hia  dam,  be  eoalil  prore  that  B 
fiinrrt  back  water  on  him.  When  thie  ia  aot  the  case,  reconrse  must  be 
had  to  tha  lawB  of  bjdranliei.  Hr.  Nerille,  Count;  SnrTajor  of  Lontb, 
Irel&nd,  in  his  Hjdraaliot,  p.  110,  BhovB  that  (praeticall;)  in  a  uniform 
cliAiuiel,  when  the  Burface  of  the  water  od  the  top  or  orest  of  tbe  dam  li 
cm  tha  same  lerel  with  d,  th»  aaUr  vill  back  up  to  p,  making  xp  z=1.6 
to  1.9  tiDieai<f. 

The  latter  is  tbat  giTen  by  Ihi  Snat,  and  generally  osed.  See  Ency- 
dopedia  Britanniea,  ToL  19.  The  former,  1.5,  by  Funk.  See  D'Aubnison'B 
Hjdranlica  by  Bennett,  sec.  I6T. 

When  tbe  obaonel  is  uniform,  the  snrfaae  z  o  ;>  is  aearl;  that  of  a 
hyperbola,  whose  assymptote  it  the  natural  surface;  conseqaently,  the 
dam  ironld  take  cSeet  on  the  whole  length  of  the  channel.  All  agree 
that  the  effect  will  be  insensible,  when  the  distance,  xp,  from  the  dam  is 
BOT«  than  1.9  timea  the  distance  x  d.  Let  z  be  tbe  point  behind  tbe  dam 
wberc  the  water  is  apparently  still,  then  m  n  is  half  the  height  of  x  abore 
B,  aa  tbe  water,  in  falling  ^m  i,  assumes  the  hydraulic  cnne,  which 
ia  praotieally  that  of  a  parabola.  As  we  know  tbe  quantity  of  water 
paaaing  oTer  in  a  given  time,  and  the  lengUi  of  the  dam,  we  can  find  the 
bcigbt  m  n,  twice  of  whicb  added  to  c  m  gives  the  height  of  z  above  e. 
If*t  thii  height  of  z  above  e  ^  H.  Find  where  the  same  level  through  x, 
viU  neet  tbe  natoral  surface  as  at  d,  then  measure  dp  :=  niue'tentha 

of  rf  X,  tbe  point  p  will  be  the  practical  limit  of  back  water,  or  remoju. 

Witlim  liu  Isnit  tct  an  to  confint  our  mguiria,  at  to  ahtther  B  hat  tra- 
patted  on  C,  and  if  the  dam  will  caun  grcattr  damagi  in  Hme  of  high  uajtr 

t^OT  what  at  it*  ordinary  ttagt.     For  further,  ice  sections  on  Hydraulics. 
OwKtrtofIUandt,<iim  tothe  thread  of  tbe  river  on  each  side.    Hendriok 

T.  Jabaaoa,  6  Porter,  Alabama  Hep.  472.     The  main  branch  or  channel 

ia  the  boundary,  if  nothing  to  tbe  coatrary  is  expressed.     Doddridge  t. 

Tbonpaon,  B  Wheal,  U.  8.  Report,  470.    Above  the  margin  goes  to  tbe 

•Mtn.    N.  r.  B«p.  6  Cow.  618. 
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Natural  and  permanent  oi^eeU  are  preferred  to  conrBes  and  diitaiioeB. 
Hurlej  T.  Morgan,  1  Devereaux  and  Bat.  N.  Carolina  Report,  425. 

Boundary  mny  begin  at  a  post  or  stake  on  the  land,  bj  the  riTer,  then 
run  on  a  given  course,  a  certain  distance  to  a  stake  standing  on  the  bank 
of  the  river,  and  se  along  the  river.  The  law  holds  that  the  centre  of  the 
river  or  water  course,  is  the  boundai^.  6  New  Hampshire  Rep.  620;  tee 
also  Lowell  vs.  Robinson,  4  Maine  Rep.  857. 

A  grant  of  land  extending  a  given  distance  from  a  riTer,  most  be  Wi 
off  by  lines  equidistant  Arom  the  nearest  points  on  the  river.  Tberetet  a 
Burvey  of  the  bank  of  the  river  is  made,  and  the  rear  line  nm  p^alld 
to  this  at  the  given  distance.    Williams  v.  Jaoksoo,  N.  Y.  Rep.  489. 

PONDS  AHD  LAKBS. 

809b.  Land  conveyed  on  a  lake,  if  it  is  a  natural  one,  extends  only  to  tte 
margin  of  the  lake.  But  if  the  lake  or  pond  is  formed  by  a  dam,  backlog 
np  the  WAter  of  a  stream  in  a  natural  Talley,  then  the  grant  goes  to  the 
centre  of  the  stream  in  ilt  natt^al  etate.  State  t.  Qilmanton,  9  N.  Hamp- 
shire R.  461. 

The  beds  cf  laket,  or  inland  seas  with  the  islands,  belong  to  the  public 
The  riparian  owners  may  claim  to  low  water  mark.  Land  CoAmissionen 
▼.  People,  5  Wend.  N.  T.  R.  428.  Where  a  pond  has  been  made  by  a 
dam  across  a  stream,  evidence  must  be  had  by  parol,  or  from  maps 
showing  where  the  ceutre  of  the  river  was ;  for  if  the  land  was  higher  on 
one  side  than  on  the  other,  the  thread  of  the  original  stream  would  be 
found  nearer  to  the  high  ground. 

Itland  in  the  middle  of  a  stream  not  navigable,  is  divided  between  the 
riparian  owners,  in  proportion  to  the  fronts  on  the  river.  2  Blackstone, 
1.  But  if  the  island  is  not  in  the  middle,  then  the  dividing  line  through 
it,  is  by  lines  drawn  in  proportion  to  the  respective  distances  from  the 
a^acent  shores.  18  Wendell,  N.  Y.  Rep.  255.  If  no  part  of  the  island 
is  on  one  side  of  the  middle  of  the  river,  then  the  whole  of  the  island 
belongs  to  the  riparian  owners  nearest  to  the  island.  See  Cooper,  Justice, 
lib.  2,  t.  8,  and  Civil  Code  of  Louisiana,  art  505  to  507. 

An  ieland  between  an  island  and  the  shore,  is  divided  as  if  the  island 
was  main  land,  for  if  it  be  nearer  the  main  land  than  the  island,  it  if 
divided  in  proportion  as  above.    Fleta,  lib.  8,  c.  u.  {  8. 

Where  there  are  channels  surrounding  one  or  more  islands,  one  has  no 
right  to  place  dams  or  other  obstructions,  by  which  the  water  of  one 
channel  may  be  diverted  into  another.     10  Wendell,  N.  Y.  Rep.  260. 

Jf  a  river  or  water  course  divides  itself  into  channels,  and  cuts  through 
a  man's  land,  forming  an  island,  the  owner  of  the  land  thus  enoiroled  by 
water  can  claim  his  land.    5  Cowen,  216. 

AOORXTION  OK  ALLUYIOV. 

809o.  Accretion  or  alluTlon  is  where  lard  is  formed  by  the  aocumulation 
of  sand  or  other  deposits  on  the  shore  of  the  sea,  lake  or  river.  Such 
accretions  being  gradual  or  imperceptibly  formed,  so  that  no  one  exactly 
Can  show  how  much  has  been  added  to  the  adjacent  land  in  a  given  time, 
the  adjacent  owner  is  entitled  to  the  accretion.  2  Blackstone  Com.  262^ 
See  also  Cooper  Justice,  lib.  2,  tit  1. 


OBOVIDICAL    nrmiSFBDmNOB.  T2bT 

b  nUiTidiDg  mn  mooretioa,  flnd  tfae  original  front  or  eaeb  of  tbe  ad- 
juM  loti,  between  the  T«9pectiTe  lide  lines  of  the  estflles :  then 
Mww  tbv  new  line  of  riTer  between  the  eitreme  eide  lines,  nnd  dWIde 
fitrtt*,  then  draw  linei  from  point  to  point,  u  on  the  inaeied  diagnini. 


flu  meandered  linei  are  taken  troio  corner  to  earner  of  each  lot, 
viihonl  regard  to  the  sinuoBilieB  of  the  shore  ae  b  i. 

It  ii  nmetiDieB  difficult  to  determioe  the  poiition  of  the  lines  e  d  and 
t  i.  ii  lome  may  contend  tbet  A  c  prodaced  in  a  etraigbt  line  to  the 
mtcr,  oonld  determine  the  point  d,  also  B  a  prodnoed,  wonld  delermine 
i,  troa  the  aboTe  diagram  tppeira  that  b;  producing  B  a  to  the  water, 
it  vonld  intersect  near  i,  thus  cutting  off  one  owner  f^m  a  part  of  the 
*ecTeti0D,  and  entirely  from  the  water. 

He  plan  adopted  in  tho  aintes  of  Maine  and  MauachaMlta,  in  deter- 
slaiag  t  and  <f,  is  aa  followe :  From  a  draw  a  perpendicular  to  B  a,  and 
ltd  iti  interaeetion  on  the  water's  edge,  and  call  it  Q,  From  a  with  a  h 
u  haw,  draw  a  perpendicular,  and  find  its  intersection  on  the  water's 
•ctp,  and  call  it  P.  Bisect  the  dislanoe  F  Q  in  the  point  r,  then  the 
I'm  t  r,  determines  the  point  b.  In  like  manner  we  determine  the  point 
i-    HtTing  i  and  d,  we  And  ■',  k,  etc.,  as  aboTO. 

la  Uaiae  and  Haaaacbuselts  (he  point  i,  k,  I  and  m  are  foand  aa  we 
kan  foand  b  and  J,  erecting  two  perptndicuUrB  ^m  each  abattal,  on 
Ihenain  land,  one  from  each  adjacent  line  and  biseeiing  their  distance 
•put  for  a  new  abattaL  S  Pickering,  Maas.  Bep.  15B;  9  OreenUaf, 
Kaint  Kep.  44. 

^cn  A  t  and  B  a  are  township  lines,  as  in  the  Western  States,  they 
are  rmi  doe  East  and  Weat,  or  North  and  South.  In  this  onee,  d  and  ft 
«Mld  be  found  by  producing  A  c  and  B  a  due  East  and  Weet,  or  North 
>■<■  Hoith,  aa  the  case  may  be.  Now,  let  B  ac  be  the  original  shore, 
ud  d;  i,  n,  a  iDd  B  (he  present  shore,  toakiog  e,  x,  n,  d  the  accretion 
walluTioa.  It  is  ciideDt  that  it  would  be  incorrect  to  diride  the  space 
*i  *t\  d,  belwceo  the  riparian  owners,  thnt  only  b  d  ehould  be  so 
A^ded.  Then  A  e  and  B  a  are  township  tinea  run  East  and  West,  or 
Kenk  sod  Soatb,  aa  in  the  Western  States,  they  are  mn  on  their  true 
<MTMelo  the  water's  edge,  intenecting  at  the  points  d  and  b.  Here  it 
*°*U  be  pUn  that  the  space  b  d  should  b*  diiided  in  proportion  to  th« 
Iiwti  t  (,  (/,  etc,  by  the  abore  method. 
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We  do  not  know  a  case  in  Wieconrin  or  niinois,  where  a  mmpa 
has  adopted  this  method.  They  ran  their  lines  at  right  angles  to  the  adja- 
cent section  lines,  which  many  of  them  take  for  a  dne  East  and  West,  or 
North  and  South  line,  as  required  by  the  act  of  Congress,  passed  1805. 

The  accretion  6,  a,  ft,  in  oar  opinion,  would  belong  to  him  who  owns 

front  a  h.    There  is  a  similar  case  to  this  pending  for  some  time  in 

Chicago,  where  some  claim  that  the  water  front,  a,  ft,  b,  d  should  be 

divided ;  others  claim  that  only  b  to  <f,  as  the  part  a,  6,  n  may  be  washed 

away,  by  the  same  agent  which  has  made  it. 

"  Where  land  is  bounded  by  water,  and  allusions  are  gradually  formed, 
the  owner  shRll  still  hold  to  the  same  boundary,  iocluding  the  accumu- 
lated soil.  Every  proprietor  whose  land  is  thus  bounded,  is  subject  to  a 
loss  by  the  same  means  that  may  add  to  his  territory,  and  as  he  is  with- 
out remedy  for  his  loss  in  this  way,  he  cannot  be  held  accountable  for  his 
gain."  New  Orleans  ▼.  United  States,  laid  down  as  a  fundamental  law  by 
Judge  DruiAmond,  Oct.  1858,  in  his  charge  to  the  jury  in  the  Chicago 
sand  bar  case. 

When  the  river  or  stream  changee  ita  course.  If  it  changes  suddenly 
from  being  between  A  and  B,  to  be  entirely  <m  B,  then  the  whole 
river  belongs  to  B.  But  if  the  recession  of  a  stream  or  lake  be  gradual 
or  imperceptible,  then  the  boundary  between  A  and  B  will  be  on  the 
water,  as  if  no  recession  had  taken  place.  2  Blackstone,  Com.  262; 
1  Hawkes,  North  Carolina  R.  66. 

When  a  stream  suddenly  causes  A*s  soil  to  be  joined  to  B's,  A  haa  a 
right  to  recover  it,  by  directing  the  river  in  its  original  channel,  or  by 
taking  back  the  earth  in  scows,  etc.,  before  the  soil  so  added  becomes 
firmly  incorporated  with  B's  land.     2  Blackstone  Com.  262. 

HIGHWATS. 

809d.  Highway  is  a  public  road,  which  CTcry  citisen  has  a  right  to  nse. 
8  Kent  Comm.  82.  It  has  been  discussed  in  several  States,  whether  streets 
in  towns  and  cities  are  highways ;  but  the  general  opinion  is  that  they  are. 
Hobbs  V.  Lowell,  19  Pick.  Mass.  Rep.  405 ;  City  of  Cincinnati  ▼.  White, 
8  Peters,  U.  S.  Rep.  481.  A  street  or  highway  ending  on  a  river  or 
sea,  cannot  be  *'  blocked  up"  A  as  to  prevent  public  access  to  the  water. 
Woody er  v.  Hadden,  5  Taunton  R.  125. 

When  a  road  leads  between  the  land  of  A  and  B,  and  that  the  road  be- 
comes temporarily  or  unexpectedly  impassable,  the  public  has  a  right  to 
goon  the  adjoioing  land.  Absor  v.  French,  2  Show,  28;  Campbell  t. 
Race,  7  Cushing,  Mass.  Rep.  411. 

Width  of  public  highways  is  four  rods,  if  nothing  to  the  contrary  is  spe- 
cified, or  unless  by  user  for  twenty  years,  the  width  has  been  less.  Horlan 
T.  Harriston,  6  Cow.  189. 

Twenty  years  uninterrupted  user  of  a  highway  is  prima  facie  evidence  of  a 
prescriptive  right.     1  Saund.,  828  a,  10  East  476. 

Unenclosed  lands  adjoining  a  highway,  may  be  traTelled  on  by  Uie 
public.     Cleveland  v.  Cleveland,  12  Wend.  876. 

Owners  of  the  land  adjoining  a  public  highway,  own  the  fee  in  the  road, 
unless  the  contrary  is  expressed.  The  public  having  only  an  easement 
in  it.  When  the  road  is  vacated,  it  reverts  to  the  original  owners.  Comyn 
digest  Dig.  tit  Chemin  A  2;  Chatham  v.  Brand,  11  Conn.  R.  60;  Ken- 
nedy ▼.  Jones,  11  Alabama  R.  68 ;  Jackson  y.  Hathaway,  15  Johnson's 
Rep.  947. 


OXOOBPIOAL   JITUirStJDBBOB.  72b9 

A  nod  is  dedicated  to  the  public,  when  the  owners  pnt  a  map  on  record 
diowiiig  the  lots,  streets,  roads  or  alleys.  Manly  etalj.  Gibson,  18  Illi- 
Mis,  308. 

Ib  niiBois  the  eonrts  haye  decided,  that  in  the  county  the  owners  of 
hod  adjoining  a  road  haTS  the  fee  to  the  centre  of  it,  and  that  they  have 
only  granted  an  easement,  or  right  to  pass  oTor  it,  to  the  public.  Country 
ronb  are  styled  highways.  In  incorporated  towns  and  cities,  roads  are 
denominated  streets,  the  fees  of  which  are  in  the  corporations  or  city 
anthorities.  The  original  owner  has  no  further  control  over  that  part  of 
his  land.    Huntley  y.  Middleton,  13  Illinois,  64. 

In  Chicago,  however,  the  adjacent  owners  build  cellars  under  the  streets, 
and  the  corporation  rents  the  ends  of  unbridged  streets  on  the  river,  for 
dock  purposes.  Where  streets  are  vacated,  they  revert  to  the  original 
owners,  m  in  other  States.  The  adjacent  owners  must  grade  the  streets 
and  build  the  sidewalks,  yet  by  the  above  decision  they  have  no  claim  to 
the  fee  therein.  It  appears  strange  that  Archer  road  outside  the  city 
limits  is  a  highway,  and  inside  the  limits,  is  a  street.  The  road  outside 
and  inside  is  the  same.  Part  of  that  now  inside,  was  in  January,  1868, 
ontade;  consequently,  what  is  now  a  street,  was  10  months  ago  a 
highway.  Then,  the  fee  in  the  road  was  in  the  adjacent  owners,  now  by 
the  above  decision,  it  is  in  the  corporation.  It  seems  difficult  to  deter- 
mine the  point  where  a  highway  becomes  a  street,  and  vice  versa. 

^tpathe,  Cul'de-aae  are  thoroughfares  leading  from  one  road  to 
another,  or  from  one  road  to  a  church  or  buildings.  The  latter  is  termed 
a  ad-de-ioe.  These,  if  used  as  a  highway  for  20  years,  become  a  high- 
way. Wellbeloved  on  Highways,  page  10.  See  Angel  on  Highways, 
see;  29. 

A  cannot  elMra  a  way  over  B's  land. 

A  cannot  claim  a  way  ftrom  his  land  through  B's ;  but  may  claim  a  way 
from  one  part  of  his  land  to  another  part  thereof,  through  B's,  that  is 
vhen  A's  land  is  on  both  sides  of  B*s.  Cruises*  English  Digest,  vol.  8,  p. 
122. 

If  A  sells  part  of  his  land  to  B,  which  is  surrounded  on  all  sides  by  A*s, 
or  partly  by  A's  and  others,  a  right  of  way  necessarily  passes  to  B.  2 
Boll's  Abridgment,  Co.  P.  L.  17,  18. 

If  A  owned  4  fields,  the  8  outer  ones  enclosing  the  fourth,  if  he  sells 
the  outer  three,  he  has  still  a  right  of  way  into  the  fourth.  Cruise,  vol.  8, 
P*  124 ;  but  he  cannot  go  beyond  this  enclosure.  Jbid,  126.  When  a  right 
of  way  has  been  extinguished  by  unity  of  possessions,  it  may  be  revived 
^  severance.    Ilridf  p.  129. 

Bvimdaries  on  Kighways^  when  eipressed  as  bounded  by  a  highway,  it 
meaas  that  the  fee  to  the  centre  of  the  road  is  conveyed.  8  Rent  Comm. 
483. 

SieepHom  to  this  rule  are  found  in  Canal  Trustees  v.  Haven,  11  Illinois 
B.  S54,  where  it  is  affirmed  that  the  owner  cannot  claim  but  the  extent 
of  his  lot 

^9i  ••!  or  aiong^  includes  the  middle  of  the  road.  2  Metoalf,  Mass.  B. 
151. 

^iUlmeof^hylht  margin  of,  by  the  side  of,  does  not  include  the  fee  to 
tty  pttrt  of  the  road.    15  Johnson,  N.  Y.  B.  447. 
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The  tdwn  that  Buffen  its  highways  to  be  oat  of  repair,  or  the  par^ 
who  obfetniots  the  same,  is  answerable  to  the  public  by  indiotment,  but  not 
to  an  indiTidoal,  unless  he  Buffers  damage  by  reason  thereof  in  his  ^cnos 
or  property.  Smith  t.  Smith,  2  Pick.  Mass.  Bep.  621 ;  Fonnan  t.  Gob* 
oord,  2  New  Hampshire  Rep.  292.  IndiTidnals  and  private  corporations 
are  likewise  liable  to  pay  damages.    6  Johnson,  N.  Y.  Rep.  90. 

Lord  EUenborongh  says  two  things  must  concur  to  support  this  action; 
an  obstruction  in  the  road  by  the  fault  of  the  defendant,  and  no  want  of 
ordinary  care  to  aroid  it  on  the  part  of  the  plaintiif.  Butterfield  t.  For- 
rester, 11  East  Rep.  60. 

Towns,  or  corporations,  are  primarily  liable  for  injuries,  caused  by  an 
indiyidual  placing  an  obstruction  in  the  highway.  The  town  may  be 
indemnified  for  the  same  amount.  In  Massachusetts  the  town  or  corpor- 
ation is  liable  to  double  damages  after  reasonable  notice  of  the  defects 
had  been  g^iTcn,  but  they  can  recoTcr  of  the  indiTidual  causing  it  but 
the  single  amount.  Merrill  y.  Hampden,  26  Maine  Rep.  224 ;  Howard  t. 
Bridgewater,  16  Pick,  Mass.  Rep.  189;  Lowell  t.  Boston  and  Lowell 
Railroad  corporation,  28  Pick.  Mass.  R.  24. 

By  the  exteneion  qf  a  etraiffhl  Imei  is  to  be  understood,  that  it  is  produced 
or  continued  in  a  straight  line.    Woodyer  t.  Hadden,  6  FaunL  Rep.  125. 

Plankroade,  if  made  on  a  highway,  continue  to  be  highways,  the  public 
have  the  right  to  pass  oTor  them,  by  paying  toll.  Angel  on  Highways, 
sec.  14. 

The  Court  hat  the  jttritdietion  to  restrain  any  unauthorised  appropria- 
tion of  the  public  property  to  private  uses ;  which  may  amount  to  a  public 
nuisance,  or  may- endanger,  or  injuriously  affect  the  public  interest. 
Where  officers,  acting  under  oath,  are  intrusted  with  the  protection  of  such 
property,  private  persons  are  not  allowed  to  interfere.  6  Paige,  Chanceiy 
Rep.  188. 

Railroads  may  be  a  public  nuiaance,  when  their  rails  are  allowed  to  be 
2  to  8  inches  above  the  level  of  the  streets,  as  now  in  Chicago, — therein 
requiring  an  additional  force  to  overcome  the  resistance.  See  Manual, 
81 9e,  where  it  has  been  shown,  that  the  rail  was  8  inches  above  the 
level  of  the  street,  and  required  a  force  of  969  pounds  to  overcome  the 
resistance.  This  state  of  things  would  evidently  be  a  public  injury,  and 
be  sufficient  reasons  to  prevent  a  recurrence  of  it  in  any  place  where  it 
had  previously  existed.  It  may  be  a  private  injury,  when  the  track  is 
so  near  a  man's  sidewalk,  as  to  prevent  a  team  standing  there  for  a 
reasonable  time  to  load  or  unload. 

When  a  road  it  dedicated  to  the  public  at  the  time  of  making  a  town  plat 
or  map,  it  Is  held  that  the  street  must  have  the  recorded  width  though  the 
acyoining  lots  should  fall  short,  because  the  street  has  been  first  conveyed. 

When  a  new  eireet  ie  made^  the  expense  is  borne  by  the  acUacent  owners 
or  parties  benefitted.  Subsequent  improvements  are  usually  made  by  a 
general  city  or  town  tax ;  sometimes  by  the  adjacent  owners — ^the  city 
paying  for  intersections  of  streets  and  sidewalks.  In  February,  1864, 
Judges  Wilson  apd  Van  Higgins,  of  the  Cook  County  (Illinois)  Superior 
Court,  decided  that  a  lot  cannot  be  taxed  for  more  than  the  actual  in- 
crease in  its  value,  caused  by  the  improvement  in  front  thereof. 
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NoTC^All  new  matter  introduced  is  in  italics  or  enclosed  in  paren- 
Uieds. 

809c;  The  mtaition  of  the  General  ValwUion  Act  was,  that  a  Talnation  , 
of  the  lands  of  Ireland,  made  at  distant  times  and  places,  should  have  a 
iditiTe  Talue,  ascertained  on  the  basis  of  the  prices  of  agricultural  pro- 
dace,  and  that  though  made  at  distant  periods,  should  be  Ihe  same.  The 
llth  section  of  the  Act,  quoted  below,  giyes  the  standard  prices  of  agri- 
ealtoral  produce,  according  to  which  the  uniform  yalue  of  any  tenement 
11  to  be  ascertained,  and  all  Taluations  made  as  if  these  prices  were  the 
■me,  at  the  time  of  making  the  valuation. 

Mf.  Act  l5  and  16  VtctoriOf  Cap,  68,  Sec.  Xi.— Each  tenement  or  rate** 
able  heMitament  shall  be  separately  valued,  taking  for  basis  the  net 
inooal  Talue  thereof  with  reference  to  prices  of  agricultural  produce 
heremaiter  specified ;  all  peculiar  local  circumstances  in  each  case  to  be 
taken  into  consideration,  and  all  rates,  taxes  and  public  charges,  if  any, 
(except  tithes)  being  paid  by  the  tenant. 

Non. — (The  articles  in  italics  are  not  in  the  aboTC  section,  but  inserted 

so  as  to  extend  the  system  as  much  as  possible  to  America  and  other 

places.) 

General  average  prices  of  100  Ibt.  of 

Wheat, 

Oats, 

Bariey, 

MakCy 

Rwe, 


6s.  9d.  or  $1.62 

Mutton, 

86s.  lid.  or  $8.86 

4s.  4d,  "    1.04 

.     Pork, 

28s.  lOd.  •'     6.91 

48.  lid-"    1.19 

Flax, 

Hemp, 

Tobacco, 

44&    Id.  '<    10.68 

^8s.  lOd.  or  14.11 

Cotton, 

15b.    8d.  or    7.66 

Sugar, 

&0.        Ac.        &c. 
lb  jEnif  ike  price  of  live  weighte. — Deduct  one-third  for  beef  and  mutton, 
and  one-fifth  for  pork. 

ffoutee  and  BuUdmge  shall  be  valued  upon  the  annual  estimated  rent 
vhieh  may  be  reasonably  expected  from  year  to  year,  the  tenant  paying 
all  iiurideiital  charges,  except  tithes. 

Sections  12  to  16,  inclusiTe,  of  the  act,  treat  of  the  kind  of  properties 
to  be  Talned. 

809^.  Lande  and  BttQdmgt  used  for  scientific,  charitable  or  other  pub- 
lie  purposes,  are  Talued  at  half  their  annual  yalue,  all  improTcments  and 
■inas  opened  during  seven  years ;  all  commons,  rights  of  fishing,  canals, 
saTigations  and  rights  of  navigation,  railways  and  tramways ;  all  right  of 
way  and  easement  over  land ;  all  mills  and  buildings  built  for  manufac- 
turing purposes,  together  with  all  water  power  thereof.  But  the  valua- 
tion  does  not  extend  to  the  valuation  of  machinery  in  such  buildings. 

A  tenement  is  any  rateable  hereditament  held  for  a  term  of  not  less  than 
«Myear. 

Bvery  rateable  tenement  shall  be  separately  valued. 

The  valuator  shall  have  a  map  showing  the  correct  boundary  of  each 
^BMment,  which  shall  be  marked  or  numbered  for  references.  The  map 
ihaU  ahow  if  half  streets,  roads  or  rivers  are  included. 
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The  Field  Booh  is  to  eonUtn  a  full  desoriptton  of  every  tenement  in  tbe 
townland  {or  townth^)^  the  names  of  the  owners  and  occupiers,  together 
with  references  to  the  corresponding  numbers  on  the  plan  or  map.  The 
book  to  be  headed  with  the  name  of  the  oountj,  parish  {or  town9kip\  each 
townland  {or  Hdion), 

Qentlemcn  of  property,  learning,  or  the  law,  shonld  haTc  "Eaqnire" 
attached  to  their  names. 

Land,  is  ground  used  for  agricultural  purposes. 

MouHi  and  Offieet,  are  buildings  used  for  residences. 

Other  tenemenU,  such  as  brickfield,  brewery,  &c. 

7h  determine  the  9€Uue  of  land,  particular  attention  must  be  paid  to  its 
geological  and  geographical  position,  so  far  as  may  be  necessary  to  de- 
velope  the  natural  and  relative  power  of  the  soil. 

KATVBI  or  SOILS. 

809A.  Ezamine  the  toil  and  eubeoil  by  digging  it  up,  in  order  to  ascer- 
tain its  natural  capabilities ;  for  if  guided  by  the  appearance  of  the  crops, 
the  valuator  msy  put  too  high  a  price  on  bad  land  highly  manured.  This 
would  be  unjust,  as  it  is  the  intrinsic  and  not  the  temporary  value  which 
is  to  be  determined. 

To  obtain  an  average  value,  where  the  soil  differs  considerably  in  short 
distances ;  examine  and  price  each  tract  separately,  and  take  the  mean 
price. 

The  value  of  toil  depends  on  its  composition  and  subsoil. 

Subtoil  may  be  considered  the  regulator  or  governor  of  the  powers  of  the 
soil,  for  the  nature  of  its  composition  considerably  retards  or  promotes 
vegetation. 

In  porout  or  tandy  toil,  the  necessary  nutriment  for  plants  ia  washed 
away,  or  absorbed  below  the  roots  of  the  plants. 

In  clayey  toilt,  the  subsoil  is  impervious,  the  active  or  surface  soil  is 
cold  and  late,  and  produces  aquatic  plants.  Hence  appeart  the  neeettity  of 
ttriet  attention  to  the  tubtoU. 

Soilt  are  compounded  of  organic  and  inorganic  matter :  the  former  de- 
rived from  the  disintegration  and  decomposition  of  rocks.  The  proportioB 
in  which  they  are  combined  is  of  the  utmost  importance. 

A  good  toil  may  contain  six  to  ten  per  cent,  of  organic  matter;  the  re- 
mainder should  have  its  greater  portion  silica ;  the  lesser  alumina,  lime, 
potash,  soda,  &c. — (See  tables  of  analysis  at  the  end  of  these  instructioos.) 

Soilt  vary  eontiderably  in  relation  to  the  physical  aspect ;  thus  in  moun- 
tain or  hilly  districts,  where  the  rocks  are  exposed  to  atmospherical  inflo- 
ence,  the  soils  of  the  valleys  consist  of  the  disintegrated  substance  of  the 
rocks,  whili?t  that  of  the  plains  is  composed  of  drifted  materials,  foreign 
to  the  subjacent  rock.  In  the  former  case  the  soil  is  characterised  by  the 
locslity  ;  in  the  latter  it  is  not. 

By  reference  to  the  Oeologieal  Mop  of  Irdand,  it  will  be  seen  that  the 
mountain  soil  is  referable  to  the  granite,  schistose  rocks  and  sandstone^ 

The  fertility  of  the  toil  is  to  some  extent  dependent  on  the  proportion  or 
combinations  which  exist  between  the  component  minerals  of  the  rocks 
from  which  it  may  have  been  formed ;  thus  granite  in  which  feldspar  is 
in  excess  when  disintegrated,  Ubually  forms  a  deep  and  easily  improved 
soil,  whilst  that  in  which  it  is  deficient  will  be  comparatively  unprodoctiva 


J 


QBIFFITH'a   8TSTEM   OP  VALUATION.  72b13 

The  detrUvt  of  mica  slate  and  the  schistose  rocks  form  moderately  friable 
nils  fit  for  tillage  and  pasture. 

Smdtlone  tods  derived  from  sandstone,  are  generally  poor. 

Tki  mott  produeiive  lands  in  Ireland  are  sitnate  in  the  carboniferons 
limestone  plain,  which,  as  shown  on  the  Geological  Map,  occupies  nearly 
tto-thirds  of  that  country.  When  to  the  naturally  fertile  calcareous  soils 
of  this  great  district,  foreign  matters  are  added,  derived  from  the  disinte- 
gration of  granite  and  trappean  igneous  rocks,  as  well  as  from  mica  slate, 
day  slate,  and  other  sedementary  rocks,  soils  of  an  unusually  fertile 
charsetfr  are  produced.  Thus  the  prorerbially  rich  soil  of  the  Oolden* 
fflfe,  situate  in  the  limestone  district  extending  between  Limerick  and 
Tipperary,  is  the  result  of  the  intermixture  of  disintegrated  trap  derived 
from  the  numerous  igneous  protusions  which  are  dispersed  through  that 
district,  with  the  calcareous  soil  of  the  valley. 

Lands  of  superior  fertility  occur  near  the  contacts  of  the  upper  series  of 
the  csrboniferons  limestone  and  the  shales  of  the  millstone  grit,  or  lower 
coal  series ;  important  examples  of  this  kind  will  be  found  in  the  valley 
of  the  Barrow  and  Nore,  etc.,  etc. 

For  geological  arrangement  the  carboniferous  limestone  of  Ireland  has 
been  divided  into  four  series. 

1st  Series  beginning  from  below  the  yellow  sandstone  and  carboniferous 
'slate. 

U  Series^  the  lower  limestone. 

Zd  SerieSf  the  oalp  series. 

iih  Series^  the  upper  limestone. 

8oU  derived  from  1st  Series  is  usually  cold  and  unproductive,  except 
where  beds  of  moderately  pure  limestone  are  interstratified  with  the  or- 
duary  strata,  consisting  of  sandstone  and  slate-shale. 

The  2d  Series,  when  not  converted  by  drift,  consisting  chiefly  of  lime- 
stone>gravel  intermixed  with  clay,  usually  presents  a  friable  loam  fit  for 
prodaeing  all  kinds  of  cereal  and  green  crops,  likewise  dairy  and  feeding 
postures  for  heavy  cattle,  and  superior  sheep-walks. 

The  ^  Series  consists  of  alternations  of  dark  grey  shale,  and  dark  grey 
impure  argillo-siliceous  limestone,  producing  soil  usually  cold,  sour,  and 
infit  for  cereal  crops ;  but  in  many  districts  naturally  dry,  or  which  has 
Wo  drained  and  laid  down  for  pasture.  This  soil  produces  superior 
feeding  grasses,  particularly  the  cock's  foot  grass.  These  pastures  im- 
prove annnally,  and  are  seldom  cultivated,  beoause  they  are  considered 
the  best  for  fattening  heavy  cattle. 

The  itk  Series  produces  admirable  sheep  pasture,  and,  in  some  localities, 
nperior  feeding  grounds  for  heavy  cattle,  and  produces  every  variety  oC 
coreal  and  green  crops. 

S09t.  It  is  of  the  utmost  importance  that  the  valuator  should  carefully 
sttesd  to  the  mineral  composition  of  the  soil  in  each  case,  and  a  reference 
to  the  Qeological  Map  will  frequently  assist  his  judgment  in  this  respect, 
the  relative  position  of  the  subjacent  rocks  having  been  determined  upon 
iMtional  and  fossiliferous  evidence.  He  should  carefully  observe  the 
ehaoges  in  the  quality  and  fertility  of  the  soil  near  to  the  boundaries  of 
different  roek  formations,  and  should  expect  and  look  for  sudden  transi- 
tioBs  tnm  cold,  sterile,  clayey  soils,  as  in  the  millstone  grit  districts,  in- 
^thtrieh  onotuous  loams  of  the  adjoining  limestone  districts,  which 
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Qsaally  commence  dose  to  the  line  of  boundary;  and  nmilar  n^d 
changes  will  be  obseryed  from  barrenness  to  fertility,  along  the  booad- 
aries  of  oar  granite,  trap,  and  schistose  districts,  and  likevise  on  the 
border  of  schistose  and  limestone  districts,  the  principle  being  that  ereiy 
change  in  the  composition  of  the  subjacent  rocks  tends  to  an  alteration  in 
the  qoality  both  of  the  active  and  subsoils. 

As  it  appears  from  the  foregoing  that  the  detritus  of  rocks  eaten 
largely  into  the  composition  of  soils  and  other  formations,  the  most 
trustworthy  analysis  is  sujpplied,  which,  compared  with  the  crops  osaally 
cultivated,  will  show  their  relative  value  and  deficiencies. 

Note. — (The  table  of  analysis  given  by  Sir  Richard  (hiffith  is  leas  than 
one  page.  Those  given  by  us  in  the  following  pages  of  these  instractioni 
are  compiled  from  the  most  authentic  sources,  and  will  enable  the  valu- 
ator or  surveyor  to  make  a  correct  valuation.  The  surveyor  will  be  able, 
in  any  part  of  the  world,  to  give  valuable  instmctions  to  those  agrieal- 
turists  with  whom  he  may  come  in  contact.  We  also  give  the  method  of 
making  an  approximate  analysis  of  the  rocks,  minerals  and  soils  which  he 
may  be  required  to  value.  Where  a  more  minute  analysis  is  required, 
he  may  give  a  specimen  of  that  required  to  be  analysed  to  some  practical 
chemist — such  as  Jackson,  of  Boston;  Hunt,  of  Montreal;  Blaney, 
Mariner,  or  Mahla,  of  Chicago ;  Kane,  or  Cameron,  of  Dublin ;  Muspratt, 
or  Way,  of  England,  etc.  etc. 

Table  in  section  310  contains  the  analysis  of  rooks  and  grasBea. 

Section  810a,  analysis,  of  trees  and  grasses. 
"^  Section  3106,  analysis  of  grains,  hemp  and  flax. 

Section  310c,  analysis  of  vegetables  and  fruit. 

Section  'dlOd,  analysis  of  manures. 

Section  8IO0,  comparative  value  of  manures ;  the  whole  series  making 
several  pages  of  valuable  information. 

In  Canada,  the  law  requires  that  Provincial  Land  Surveyors  should 
know  a  sufficient  share  of  mineralogy,  so  as  to  enable  them  to  asast  in 
developing  the  resources  of  that  country.  In  Europe,  all  valuations  of 
lands  are  generally  made  by  surveyors,  or  those  thoroughly  versed  in  that 
science ;  but  in  the  United  States  a  political  tinsmith  may  be  an  assessor 
or  valuator,  although  not  knowing  tiie  difference  between  a  solid  and  a 
square.  This  state  of  things  ought  not  to  be  so,  and  points  out  the  neces- 
sity of  forming  a  Civil  Engineers'  and  Surveyors'  Institute,  similar  to 
those  in  other  countries.) 

From  these  tables  it  will  appear  what  materials  are  in  the  formation 
of  the  soil,  and  the  requirements  of  the  plants  cultivated ;  thus,  in  com 
and  grasses,  silica  predominates.  Seeds  and  grain  require  phosphorie 
acid.  Beans  and  leguminous  plants  require  lime  and  alkalies.  TnmipSf 
beets  and  potatoes  require  potash  and  soda. 

The  soils  of  loamy,  low  lands,  particularly  those  on  the  margins 
of  rivers  and  lakes,  usually  consist  of  finely  comminuted  detrital  matter, 
derived  from  various  rocks ;  such  frequently,  in  Ireland,  contain  much 
calcareous  matter,  and  are  very  fertile  when  well  drained  and  tilled.  The 
rich,  low-lying  lands  which  border  the  lower  Shannon,  etc.,  are  alluvial, 
and  highly  productive. 

It  is  necessary  that  the  valuator  should  enter  into  his  book  a  short, 
accurate  description  of  the  nature  of  the  soil  and  subsoil  of  tvary 
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tentrntnt  which  may  come  under  his  conaideration,  and  that  all  Yaluators 
Btj  attach  the  same  meaning  or  descriptive  words  to  them.  The  follow- 
iBf  dasaification  will  render  this  description  as  uniform  as  possible  : 

ClattilUaiion  of  toiU,  with  reference  to  their  composition,  may  be 
be  comprehended  under  the  following  heads,  tIz  : 

AtyiUae$out  or  clayey — clayey,  clayey  loam,  argillaceous,  alluvial. 

Sdid/mi  or  tandy — sandy,  gravelly,  slaty  or  rocky. 

CaUartoua — limey,  limestone  gravel,  marl. 

Ptai  9oU — moor,  peat. 

The  color  o/aoUa  is  derived  from  different  admixtures  of  oxide  or  rust 
of  iron. 

ArpUaeeotu  earths,  or  those  in  which  alumina  is  abundant,  as  brick  and 
pipe  days. 

The  soil  in  which  alumina  predominates  is  termed  clay. 

When  a  soil  consists  chiefly  of  blue  or  yellow  tenacious  clay  upon 
i  retentive  subsoil,  it  is  nearly  unfit  for  tillage ;  but  on  an  open  subsoil  it 
may  be  easily  improved.  Clayey  soils  containing  a  due  admixture  of 
nmd,  lime  and  vegetable  matter,  are  well  adapted  to  the  growth  of  wheat, 
•od  are  classed  amongst  the  most  productive  soils,  where  the  climate  is  fa- 
vorable. Soils  of  this  description  will,  therefore,  graduate  from  cold,  stiff 
elay  soils  to  open  clay  soils,  in  proportion  as  the  admixture  of  sand  and 
vegetable  matter  is  more  or  less  abundant,  and  the  subsoil  more  or  less 
retentive  of  moisture. 

Lome  are  friable  soils  of  fine  earth,  which,  if  plowed  in  wet  weather, 
vill  not  form  clod). 

A  ttrony  clayey  loam  contains  about  one-third  part  of  clay,  the  remain- 
der consisting  of  sand  or  gravel,  lime,  vegetable  and  animal  matters,  the 
nod  being  the  predominating  ingredient 

AfriaJble  dayey  loam  differs  from  the  latter  by  containing  less  clay  and 
Bore  sand.  In  this  case  the  clay  is  more  perfectly  intermixed  with  the 
nod,  so  as  to  produce  a  finer  tilth,  the  soil  being  less  retentive  of  mois 
tore,  and  easier  cultivated  in  wet  weather. 

Sen^  or  yraveUy  loams  is  that  where  sand  or  gravel  predominates,  and 
the  soil  is  open  and  firee,  and  not  sufficiently  retentive  of  moisture. 

A  ttfday  soU  may  become  a  rich  loam  by  a  judicious  admixture  of 
■and,  peat,  lime  and  stable  manure,  but  after  numerous  plowings  and  ex- 
poiure  to  winter  frosts  in  order  to  pulverize  the  clay,  and  to  mix  with  it 
the  lime,  peat,  sand,  etc. 

AJSwfial  soils  are  generally  situated  in  flats,  on  the  banks  of  rivers, 
l^M,  or  the  sea  shore,  and  are  depositions  from  water,  the  depositions 
being  fine  argillaceous  loam,  with  layers  of  clay,  shells,  sand,  etc.  The 
nbsoil  may  be  different. 

On  the  sea  shore  and  margin  of  lakes,  the  the  clay  subsoils  usually  con- 
tarn  much  calcareous  matter  in  the  form  of  broken  shells,  and  sometimes 
tUek  beds  of  white  marl. 

The  value  cf  the  soU  and  subsoil  depend  on  the  proportion  of  lime  it  may 
eeataia.    This  niay  be  found  by  an  analysis.    (See  xe^u^/ for  analysis.) 

SiA  alluvial  soils  are  the  most  productive  when  out  of  the  influence  of 
ioods.  These  soils  are  cUissed  as  clayey,  loamy,  sandy,  etc.,  according 
te  their  nature. 

Flai  lands  or  holms,  oo  banks  of  rivers,  are  occasionally  open  and  sandy, 
but  frequently  they  are  composed  of  most  productive  loams. 
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SILICEOUS  SOILS. 

309;.  Sandjf  soilt  vary  very  much  in  their  grade,  color  anl  Talae,  ac- 
cording to  the  quality  of  the  sand.  White  shelly  sands,  which  are  usoally 
situated  near  the  sea  shore,  are  sometimes  very  prodacdTC,  though  they 
contain  but  a  very  small  portion  of  earthy  matter. 

Gravelly  toiU  are  those  in  which  coarse  sand  or  gravel  predominates ; 
these,  if  sufficiently  mixed  with  loam,  produce  excellent  crops. 

Slaiey  toils  occur  in  mountains  composed  of  slate  rock,  either  coarse  or 
fine  grained.  In  plowing  or  digging  the  shallow  soils  on  the  declevities  of 
such  places,  a  portion  of  the  substratHm  of  slate  intermixes  with  the  soil, 
which  thus  becomes  slatey. 

Rocky  ioiU.  Soil  may  be  denominated  rocky  where  it  is  composed  of 
a  number  of  fragments  of  rock  intermixed  with  mould.  Such  soils  are 
usually  shallow,  and  the  substratum  consists  of  loose  broken  rock,  pre- 
senting angular  fragments. 

OALOAEBOUS   SOILS. 

809ib.  Caleareotu  or  limestone  soils,  are  those  which  contain  an  unusual 
quantity  of  lime,  and  are  on  a  substratum  of  limestone.  These  lands 
form  the  best  sheepwalks. 

Limestone  gravel  soil,  is  where  we  find  calcareous  or  limestone  gravel 
forming  a  predominant  ingredient  in  soils. 

Marly  soils  are  of  two  kinds,  clayey  marl,  or  calcareous  matter  com- 
bined with  clay  and  white  marl,  which  is  a  deposition  from  water,  and  is 
only  found  on  the  margins  of  lakes,  sluggish  rivers  and  small  bogs. 

On  the  banks  of  the  River  Shannon,  beds  of  white  marl  are  found  20 
feet  deep.  When  ei^er  clayey  or  white  marl  enters  into  the  composition 
of  soils,  so  as  to  form  an  important  ingredient,  such  soils  may  be  denom- 
inated marly. 

FEATT  SOILS. 

8092.  Flat,  moory  soils  are  such  as  contain  more  or  less  peaty  matter, 
assuming  the  appearance  of  a  black  or  dark  friable  earth.  When  the 
peat  amounts  to  one-fourth,  and  the  remainder  a  clayey  loam,  the  soil  is 
prod  active,  especially  when  the  substratum  is  clay  or  clayey  gravel. 

When  the  peat  amounts  to  one-half,  the  soil  is  less  valuable. 

Whtn  the  peat  amounts  to  three-fourths  of  the  whole,  the  soil  becomes 
very  light,  and  decreases  in  value  in  proportion  to  the  increase  of  the  peat 
in  the  soil. 

Peaty  or  boggy  soils  are  composed  of  peat  or  bog,  which,  when  first 
brought  into  culdvation,  present  a  fibrous  texture  and  contain  no  earthy 
matter  beyond  that  which  is  produced  by  burning  the  peat 

Ths  quantity  of  ashes  left  by  burning  is  red  or  yellow  ashes,  about  one- 
eighth  of  the  peat,  generally  one-tenth  or  one-twelfth  in  shallow  bogs. 

In  deep  bogs  the  ashes  are  generally  white,  and  weigh  about  one-eightieth 
of  the  peat  Such  land  is  of  little  value  unless  covered  with  a  heavy  coat 
of  loamy  earth  or  clay.  Hence  it  appears  that  the  ?alue  of  peaty  soil  de- 
pends on  the  amount  of  red  ashes  it  contains.  For  this  reason  peaty  soils 
are  ralued  at  a  low  price. 

Note. — (Boustngault,  in  his  *<  Rural  Economy,"  says:  "  The  quality  of 
an  arable  land  dq>ends  essentially  on  the  association  of  its  day  and  sand  or 
graveL" 
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Sand,  whether  it  be  siliceons,  calcareous  or  felspathic,  always  renders 
a  soil  friable,  permeable  and  loose  ;  It  facUitates  the  access  of  the  air  and 
the  drainage  of  the  water,  and  its  influence  depends  more  or  less  on  the 
miimte  diyislon  of  its  particles.) 

The  following  table,  given  by  Sir  Richard  Grifi5th,  is  from  Von  Thaer's 
Cbemistry,  as  found  by  him  and  £inho£f : 


mm. 


CLASS. 


1  First  class  strong  wheat  land.. 


•I 

3 
4 
6 
6 


Do. 
Do:. 
Do.. 


Clay, 
por  cent 


8 

9 

10 

11 


Rich  light  land  in  natural  grass 

Rich  barley  land 

Good  wheat  land 

Wheatland 

Do 

Do 

Do 

12  Qood  barley  land 

18    Do.  second  quality 

14    Do.  Do 

*  15  Oat  lands. 

16  Do 

17  Rye  land. 

18  Do    do    

19  Do    do    

20  Do    do    


74 

81 

79 

40 

14 

20 

68 

66 

60 

48 

68 

88 

88 

28 

23^ 

18} 

14 

9 

4 

2 


Sand,  or 

Carbonate 

GniTel, 

of  Lime, 

Hnmns 

per  cent 

percent 

per  cent 

10 

4.6 

11.6 

6 

4 

8.7 

10 

4 

6.6. 

22 

86 

4 

49 

10 

27 

67 

8 

10. 

86 

2 

4 

80 

12 

2 

88 

•v 

2 

60 

2 

80 

2 

60 

2 

66 

2 

70 

c 

2 

76 

-  Ck 

1.6 

80 

1 

1.6 

86 

I 

1 

90 

fl 

1 

96 

0  76 

97.6 

J 

0.5 

Compa- 
rative 
Value. 


100 
98 
96 
90 

78 
77 
76 
70 
66 
60 
60 


Under  the  head  clay,  has  been  included  alkalies,  chlorides,  and  suppos- 
ed to  be  in  fair  proportions.  The  soil  in  each  case  supposed  to  be  uniform 
to  the  depth  of  six  inches. 

/a  ikt  Fidd  Book  the  following  explanatory  terms  may  be  used  as  occa- 
eioa  msy  require :  *  « 

Stiff. — Where  a  soil  contains  a  large  proportion  (say  one-half  or  even 
nore)  of  tenacious  clay ;  this  cracks  in  dry  weather,  forming  into  lumps. 

Friable. — Where  it  is  loose  and  open,  as  in  sandy,  gravelly  or  moory  lands. 

Strong. — Where  it  has  a  tendency  to  form  into  clods. 

/>ttp. — Where  the  depth  is  less  than  8  inches. 

I>ry. — No  springs.     Friable  soil,  and  porous  subsoil. 

Wei, — ^Numerous  springs ;  soil  and  subsoil  tenacious. 

Sharp, — A  moderate  share  of  gravel  or  small  stones. 

Fn€  or  toft. — No  gravel :  chiefly  composed  of  very  fine  sand,  or  soft, 
light  earth,  without  gravel. 

OM, — ^Pasis  on  a  tenacious  clay  subsoil,  and  has  a  tendency,  when  in 
ptstore,  to  produce  rushes  and  other  aquatic  plants. 

Saxiy  or  gravelly. — A  large  proportion  of  sand  or  gravel. 

Slatey. — ^Where  the  slatey  substratum  is  much  mixed  with  the  soil. 

Worn, — ^Where  it  has  been  a  long  time  cultivated  without  rest  or  manure. 

^oor. — When  of  a  bad  quality. 

Bmffry. — When  consisting  of  a  great  proportion  of  gravel  or  coarse 
•uul  resting  on  a  gravelly  subsoil.  On  such  land  manure  does  not  pro- 
duce the  usual  effect. 

The  color  of  the  toil  and  the  features  of  the  land  ought  to  be  mentioned , 
snch  ss  steep,  level,  rooky,  shrubby,  etc.,  etc. 
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Indigenous  plants  should  be  obserTed,  as  thej  sometimes  assist  to  indi- 
cate particular  circumstances  of  soil  and  subsoil. 

Name  of  Plant.  Indicates 

Thistle Strong,  good  soil. 

Dockweed  and  nettle Kich,  dairy  land. 

Sheep  sorrell Gravelly  soil. 

Trefoil  and  retch Good  dry  vegetable  soil. 

Wild  thyme Thinness  of  soil. 

Ragweed Deep  soil. 

Mouse-ear  hawk-weed Dryness  of  soil. 

Iris,  rush  and  lady's  smock Moisture  of  soil. 

Purple  red  nettle  and  naked  horsetail RetentiTe  subsoil. 

Great  Ox-eye Poverty  of  soil. 

CLASSITICATION  OF  SOILS  WITH  REFEBENCE  TO  TUEIIt  VALVE. 

809a.  All  lands  to  be  valued  may  be  classed  under  arable  and  pasture. 

Arable  land  may  be  divided  into  three  classes,  viz  : 

Prime  soils^  rich,  loamy  earth. 

Medium  soils,  rather  shallow,  or  mixed. 

Poor  soils,  including  cultivated  moors. 

Pasture,  as  fattening,  dairy  and  stone  land  pastures. 

The  prices  set  forth  in  the  Act  (see  sec.  809/)  is  the  basis  on  which 
the  relative  and  uniform  valuation  of  all  lands  used  for  agricultural  pur- 
poses must  be  founded.  It  is  incumbent  on  the  valuator  to  ascertain  the 
depth  of  soil  and  nature  of  subsoil,  to  calculate  the  annual  outlay  per 
acre.  He  should  calculate  the  value  per  acre  of  the  produce,  according 
to  the  scale  of  the  Act,  and  from  these  data  deduce  the  net  annual  value 
of  the  tenement. 

309o.  Tables  of  produce,  etc.,  formulas  for  calculation,  and  an  acreable 
scale  of  prices,  supplied  in  the  following  sections,  are  given  as  auxiliaries 
with  a  view  to  produce  uniformity  among  the  valuators  employed.  Thus, 
if  the  valuator  finds  it  necessary  to  test  his  scale  of  prices  for  a  certain 
quality  of  land,  he  may  select  one  or  more  farms  characteristic  of  the 
average  of  the  neighborhood.  Their  value  Should  be  correctly  calculated 
and  an  average  price  per  acre  obtained,  from  which  he  deduces  tlie  stand- 
ard field  price  of  such  description  of  land.  The  farms  (or  fields)  thus 
examined  will  serve  as  points  of  comparison  for  the  remainder  of  the 
district. 

SCALE  FOR  ARABLE. 

Class  and  Description.  ^''^S^JcJJ!^ 

1.  Very  superior,  friable  clayey  loam,  deep  and  rich.  From.   To. 
lying  well,  neatly  fielded,  on  good,  sound  clayey  sub- 
soil, having  all  the  properties  that  constitute  a  su- 
perior subsoil,  average  produce  9  barrels  (or  s.    d.  s.  d. 
stones  =    lbs.  =     bushels)  per  acre 80  0  2C  0 

2.  Superior,  strong,  deep  and  rich,  with  inferior  spots 
deducted,  lying  well  on  good  clay  subsoil 27  0  24  0 

8.  Superior,  not  so  deep  as  the  foregoing,  or  good  al- 
luvial soils — surface  a  little  uneren 25  0  22  0 

4  Good  medium  loams,  or  inferior  alluvial  land  of  an 

even  quality 21  0  18  0 

5.  Good  loams,  with  inferior  spots  deducted 17  G  15  0 

().  Medium  land,  even  in  quality,  rather  shallow,  deep 
and  rocky •.. 14  0  10  0 


9j 
O 

H 

7>. 
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T.  Cold  Bail,  mthcr  ehallow  ani]  mixed,  lying  Bteep  on 
cold  elBj«y,  orcold,  wet,  sandy  subsoiL 9  0    7  0 

8.  Poor,  dry,  worn,  c1»yey  or  sandy  soil,  on  gravelly 
or  sandy  aubsoil 6  Q    6  0 

9.  V«ry  poor,  cold,  worn,  claypy,  or  poor,  dry,  shal- 
low, aandy  soil,  or  bigli,  steep,  rocky,  bud  land 4  0     10 

10.  Good,   heavy  moor,  well  drained,  on  good,  clnycy 
subsoil 12  0  10  0 

11.  Mcdinm  moory  soil,  drained,  and    in   good   con- 
diiion D  0    G  0 

12.  Poor  moory,  or  boggy  arable,   wet,  and  mimired 
with  earth 5  6     10 

The  aboTe  prices  opposite  each  clais  is  nliat  (he  valuator's  field  price 
should  be  in  an  ordinary  aitnaiion,  subject  to  be  increased  or  decreased 
for  local  circumstances,  together  wiiti  deductione  for  ratca  and  lazes. 

303p.  Of  ArabU  land. — The  nnionnt  of  crop  raised  depends  on  the  sys- 
(CBi  of  tillage,  and  the  crops  raised.  The  system  of  culliTatioa  should  be 
Hell  as  would  maintain  an  adequnle  Dumber  of  stock  to  manure  the  farm, 
ud  the  crops  should  be  suited  to  the  soil ;  thus,  lands  oa  whiob  oats  or 
rye  could  be  profitably  grown,  may  not  repay  the  cost  of  cultivating  it 
tor  wheat. 

The  rollowing  tables  show  the  average  maximum  cost,  produce  and 
value  ot  crops  in  ordinary  cultlTation  for  one  statute  acre. 


NJsnuul  Wiirul. 

Turnip. 

1              1 
Ve(.'h»|C«l.hn«>  y^^ii^ 

.... 

Total  pBdoBloton^ 

«    « 

1.    rf. 

5    0       „      . 

21 

*       .       20      i    "^- 

'" 

T««*l.ri.of|)™la«pr*:r 
t.>t.l  cart  of  culture  prirr 

t% 

\ 

8    o'' 

: 

1 : 1.1 ,  \1 

1                                   WtaAt.     1     n«!«y. 

0.^. 

Rj«. 

|m««.ow 

1 

TniL 

i            11 

lil 

i 

1 1 

1,1 

1 

i 

Tntil  prodnn  pr.  Brio. 

ro.'Drit 

u 

Bri..  Tn^ 
S    !-i;  17 

Prinpgr. „ 'is    il 

'    £    «.    J.     £    ..    .(. 
,TbUl..lorpr-dn«.i     0    0    0    ^      lif)      !■ 

TMalalofniltarel    3    9    0         3    2      0 

3  11     0 

4    S    O' 

»  y ' ' 

::! 

Note. — The  barrel  is  pounds,  and  (he  ton  =  2,240  pounds. 

Prom  this  table  it  appears  that  the  cost  of  cultivating  turnip.-,  and 
other  broad-leafed  plants,  ia  greater  l|ian  thnt  for  grain  crops. 


T2d20  OHiiriTu'R  btbtim  of  ' 

SOOj.  BC*i,»  6i  FfticEs  rom 


CluKa  and  Deecrtptiou. 


Si,      Vert  iDpcrior  rillcnlOK 

-(    Uiid.milcompoafduf  Hut- 

D     duolnE  'lie  ■»"'  eocculent 

g     (ia\y    u«.-U    ?or    llotKlXliii' 
a     be«y  ciHle  >iid  »hi*ii,      ,j 

(I.flnperior  d«li7  pMtnre  or;) 
fmiEDlnit  Imd,  villi  verg«'  I  ,, 
of  prime  liw-y  Riaon,  »ii   '" 
}■     h«Tlm(  ■  gri»]'  londenc)', 
gS.  (iood  dairy  piMure  oii  cli 

•A     roeky  pulure.cuh  idipied   m 
►■     ro  diirj-  patycma  —  ■■----- 

|,.WStVix^ 

°     jDoory    pMlunf,   or    iood 
rocky  pHBlul^i  Adipt«d  10 

iugofyouuB<!«ttleorsl«ep, 


rocky    pailum, 

iliptcd  tad  gcn- 
ermlly    ujed  fur 

ymnJ^STe  Sf 
-t    inferior  de- 


NoTB — The  price  InKrtcd  uppoilli  cnoh  cIibb  of  Itiidg.  accordJng  to  Ita  mpvctiie 
prodace,  lawhittlie  vmlunlor'g  fleld  price  ilioold  be  in  >a  ordinary  litumtlon.  sul^ecl 
10  be  Inereaied  or  reduced  for  particular  IocbI  elrcumstancet,  logetlier  wllh  dedKc- 
tloni  Tor  rales  and  taxes. 

Id  (he  cnlculstiona  far  tesling  liis  scnlii  priue,  llic  Taluator  thaulil 
tubulate,  hb  aboTc,  nt  tbs  prices  per  tan  or  liarixl,  the  aiernge  produce 
per  ncre  oC  Itic  dUlrict  unJer  consiJeratioa.  Tbesc  Titlues  he  will  hg\in 
tnbnlate  according  to  the  Ejstem  of  farming  ndopCeii. 

The  followiii);  mn;  serve  oa  n  formula: 


ObMrvatloo*. 


merwlwn  Unidr 


T1ilaKi1l»aJ- 


Tbfa    deecrtp- 
j  caiCDlaicd  ai  2i 
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OVK   BUXDASD  STATUTE    ACBSS   UNDSB  FIT!  TBABS'  BOTATIOH 

A8  follows: 


Ist  Year,  J  or  20  acr«e,  • 


Potatoes,  . 
Vetches,   . 
Mangel  Wurtzel, 
Turnips,   . 

{'  Winter  Wheat, 
Spring  Wheat, 
Barley, 

1  f  "'^y* 

^  Year,  ^  or  20  acres,  -j  CloTer, 

(^  Pasture, 

-lUi  Year,  }  or  20  acres.     Pasture, 


Allow  for  wear  and  tear  of  implements,  . 
FiTe  per  cent,  on  £500  capital. 

Deduct  Expenses, 


»t 


Acres. 
8tat. 


} 


} 


o 
t> 

2 

3 

12 

12 

8 
6 
1 

IS 
20 

20 


100 


Cost  of 
Tillage. 


} 


£    9,  d. 

25  10  0 

6     6  0 

20    6  0 

84    0  0 

41     0  0 

24  17  *0 

8  17  0 

2    0  0 

41     0  0 

70  13  0 


824  16  0 
10  0  0 
25    0    0 


Neti  Annual  Value  of  Produce,  . 


Value 
of  Tillage. 


£    8,  d. 

42  0  0 

12  0  0 

88  15  Q 

96  0  0 

108  0  0 

52  0  0 

26  6  0 

4  10  0 

95  0  0 

123  0  0 


592  10  0 


359  16  0 


282  14  0 


FATTXNINQ   LANDS. 

309r.  It  has  beon  ascertained  that  the  fat  in  an  oz  is  one-eighth  of 
the  lean,  and  is  in  proportion  of  the  fatty  matter  to  the  saccharine  and 
protein  compounds  in  the  herbage.  The  method  of  grazing,  too,  has 
some  influence.  The  best  lands  will  produce  about  ten  tons  of  grass  per 
sere,  in  one  year.  One  beast  will  eat  from  seven  to  nine  stones  in  one  day. 
Six  sheep  will  eat  as  much  as  one  ox.  One  Irish  statute  acre  of  prime 
putnre  will  finish  for  the  market  two  sets  of  oxen  from  April  to  Sep- 
tember. From  September  until  December  it  is  fed  by  sheep.  The  general 
formula  may  be  as  follows : 

SUPEBIOB  FINISHING   LAND. 


Kode  of  Fanning  and  Description  of  Stock. 


Two  sets  of  cattle  to  be  finished  in  the  season, 
the  lands  preserred  during  the  months  of  Jan- 
utry,  February  and  March. 

A  four-year  old  heifer,  weighing  about  5  cwt., 
well  wintered,  and  coming  on  in  good  condition, 
in  the  first  two  months  of  April  and  May,  will 
increase, 

A  heifer  in  the  same  condition,  in  the  months  of 
Jane,  July  and  August,  will  increase, 

On  the  same  bind,  5  sheep  to  the  Irish  acre  will 
increase  at  the  rate  of  2  lb.  per  week,  for  Oc- 
tober, NoTcniber  and  December, 


Nett 
Increace. 


cwt.qr8.lbs 


1     2     0 


1     2     0 


1     1     0 


Gross  produce  on  one  Irish  acre,  or  1a.  2r.  19p.  statute 
measure, 


Am't 


£  s.   d. 


2  18  3 

2  13  3 

2  11  8 

7  17  9 
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\ 
Expeneos. 

Interest  on  capital  for  one  beast  to  the  Irish  acre,  at  5  per 
cent  for  £10, 

Herd,  per  Irish  acre,  (a  herd  will  care  150  Irish  acres,)  at 
2«.  per  acre, 

Contingencies, .  . 

Commission  on  the  sale  of  2  beasts  and  7  sheep,  at  2}  per 
cent., 

Extra  expenses, 


£  s.  d. 

0  10  0 

0  2  0 

1  10  0 

I     9  0 
0    8  0 


Deduct  expenses,    .        ^       .        .        .        . 

ft 

Nett  produce  per  Irish  acre,  or  1a.  2b.  IOp.,  statute  measure, 


3  19  0 


3  18  9 


Cattle  in  good  condition  will  fatten  quicker  on  this  description  of  land 
during  the  early  months  than  under  the  system  of  stall-feeding. 

DAIRY  PABTUBK. 

309«.  Dairy  pastures  sre  more  succulent  than  fattening  lands.  The 
average  quantity  of  butter  which  a  good  cow  will  give  in  the  year  may 
be  taken  at  S\  firkins  =  218  lbs. ;  or,  allowing  nine  quarts  to  the  pound 
of  butter,  the  milk  will  ^e  1,9G0  quarts.  If  the  stock  be  good,  under 
similar  circumstances  its  produce  may  be  considered  to  yary  with  the 
quantity  and  quality  of  the  herbage.  This  and  the  quality  and  suitability 
of  the  stock  must  be  carefully  discriminated  and  considered. 

The  general  formula  is  as  follows: 

In  column  A,  set  the  cows  and  produce ;  the  hogs,  and  increase  in 
weight ;  the  calves,  when  reared ;  the  milk  used  by  the  family.  In  col- 
umn B,  set  the  weight  of  the  produce.  In  column  C,  set  the  Act  price. 
And  in  column  D,  the  amount  The  sum  of  column  D  will  be  the  gn«8 
receipts,  from  which  deduct  the  sum  of  all  the  expenses,  rent  of  land 
under  tillage,  and  the  difTerence  will  be  the  nett  annual  produce  for  that 
part  used  as  a  dairy  pasture. 

STORK   PASTURE. 

309^.  The  value  of  store  pasture  depends  on  the  amount  of  stock  it 
can  feed.  The  valuator  will  estimate  the  number  of  acres  which  would 
feed  a  three  years  beast  for  the  season,  from  which  the  number  of  stock 
for  the  whole  tenement  may  be  ascertained,  which,  calculated  at  an 
average  rate  for  their  increase  or  improvement,  will  give  the  gross  raloe. 
This  Taluntion  must  be  checked  for  all  incidental  expenses  and  local  cir- 
cumstances— in  general,  two-thirds  of  the  gross  produce  may  be  considered 
as  a  fair  value. 

In  mountain  distiicis^  it  is  divided  into  inside  and  remote  graziog. 
The  inside  is  allotted  for  milch  cattle  and  winter  grass  The  remote  or 
outside  pasture  is  for  summer  grazing  for  dry  cattle  and  sheep. 

The  annual  value  of  these  pastures  is  to  be  obtained  from  the  herds 
or  persons  living  on  or  adjacent  to  them,  taking  for  basis  the  number 
of  sums  grazed  and  the  rate  per  sum. 

The  following  will  enable  the  valuator  to  estimate  the  number  of  sums 
on  any  tenement : 

One  three  years  old  heifer  is  called  a  **  sum^^  or  collop;  one  sum  ia= 
to  three  yearlings  =  one  two  years  old  and  one,  one  year  old  =fonT 
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rves  aod  four  lambs  r=  Atc  two  years  old  sheep  =  six  hoggett  (odb  jear 
old  sbeep)  =  to  twd-thirds  of  a  horse. 

LAND   IN   NEDIUM   SITUATION. 

^u.  The  above  classifications,  scales  of  prices,  etc.,  for  different 
kinds  of  land,  have  been  calculated  vrith  reference  to  the  quality  of  the  soil 
and  its  productive  capabilities,  arising  from  the  composition,  depth  and 
Batore  of  the  subsoil,  without  taking  into  consideration  the  extremes  of 
petition  in  which  each  particular  kind  may  occasionally  be  found.  The 
value  thus  considered  may  bo  defined  as  the  value  of  land  in  medium  or 
ordtnary  situation. 

Land  m  an  ordinary  or  medium  situation.  Should  not  be  distant 
more  than  five  or  six  miles  from  a  principal  market  town,  having  a  fair 
road  to  it,  not  particularly  sheltered  or  exposed,  not  very  conveniently 
or  very  inconveniently  circumstanced  as  to  fuel,  lime  and  manures ;  not 
remarkably  hilly  or  level,  the  greatest  elevation  of  which  shall  not  exceed 
300  feet  above  the  level  of  the  sea. 

When  the  valuation  of  the  property  is  made,  he  will  enter  in  the  first 
column  the  valuations  obtained,  and  in  the  second  column  the  valuations 
corrected  for  local  circumstances. 

h(UiM,  CIBCUHSTAirCES. 

309r.  The  local  circnmstanccn  mny  be  divided  into  two  classes,  vix : 
natural  and  artificial. 

Natural^  is  that  which  aids  or  retards  the  natural  powers  of  the  soil 
in  bringing  the  crop  to  maturity. 

Artificial,  is  that  which  afford  or  deny  facilities  to  maintain  or  increase 
the  fertility  of  the  soil,  and  such  as  invoWe  the  consideration  of  remuner- 
ations for  labor  of  culti?ation.  Local  circumstances  may,  therefore,  be 
classed  under — climate,  manure,  and  market. 

809ir.  Climate  includes  all  the  phenomena  which  affect  vegetation, 
each  aa  temperature,  quantity  of  atmospheric  moisture,  elevation,  pre- 
vailing winds,  and  aspect.  Various  combinations  of  these,  and  other 
external  causes,  are  what  cause  diversity  of  climate. 

The  germination  of  plants,  and  the  amount  of  atmospheric  moisture, 
are  considerably  dependent  on  temperature ;  hence  the  advantage  of  a 
locality  in  which  its  mean  is  greatest.  Its  average  in  Ireland  varies 
from  4S^  (Fahrenheit)  in  the  north  to  61^  in  the  south,  the  correspond- 
ing atmoepheric  moisture  being  from  4.27  to  4. 88  grains  to  the  cubic 
foot  These  are  considerably  modified  by  elevation,  which  produces 
nearly  the  same  eff.^ct  as  latitude,  every  350  feet  in  height  being  equiva- 
lent to  one  degree  of  temperature. 

309z.  The  average  depth  of  rain  which  falls  in  one  year  in  Ireland, 
varies  from  40  inches  on  the  west  coast  to  33  on  the  cast.  The  propor- 
tion of  the  rain  fall  is  greater  for  the  mountain  districts  than  for  the  low 
lands.  The  general  effect  of  elevation  on  arable  lands  in  this  case  are, 
that  the  soluble  and  fine  parts  of  the  soil  are  washed  out,  and  ultimately 
carried  down  by  the  MtrouniH.  Such  o  ovated  districts  are  also  frequently 
eiposed  to  high  winds,  etc.  The  prevailing  windfl,  and  how  modified, 
ar^to  be  taken  into  consideration. 

809y.     In  Ireland,  on  land  expoted  to  westerly  winds,  the  crops  are  fre- 
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quentlj  injured  in  the  months  of  Aagast  and  September.  A  suitable 
deduction  should  therefore  be  made  for  such  lands,  although  the  intrinsic 
Talue  may  be  similar  to  land  in  a  more  sheltered  situation. 

To  determine  the  influence  of  eUtnate  requires  considerable  care  and  exten- 
siYC  comparison.  Thus,  the  soil  which  in  an  elevated  district  is  worth 
10b.  per  acre,  will  be  worth  ISs.  if  placed  in  an  ordinary  situation,  ahont 
•300  feet  aboTe  the  level  of  the  sea,  and  not  particularly  ^sheltered  or 
exposed.  The  same  description  of  lands,  however,  in  a  more  favorable 
situation,  ssy  from  60  to  100  feet  above  the  sea,  distant  from  mountains, 
and  having  a  south-east  aspect,  may  be  worth  208.  per  acre. 

In  making  deduetiont  from  cultivated  lands,  in  mountainous  districts, 
the  following  table  will  be  found  useful,  and  may  be  applied  in  con- 
nection with  heights  given  in  Ordnance  Survey  maps : 

Altitude  in  feet  Deduct  |>er  £. 

800  to  900  feet 5  shillings. 

700   *'  800     **  4        «* 

600   "  700    "  3 

600   **  600     **  2 

400  *'  600    "  1        ** 

Arable  land  in  the  interior  of  nMuntotiu,  may  be  considered  100  feet  of 
altitude,  worse  than  on  the  exterior  declivities  on  the  same  heigh th; 
so  also  those  on  the  north  may  be  taken  100  worse  than  those  having  a 
southern  aspect,  both  having  the  same  height. 

In  mountain  districts,  take  the  homestead  pasture  at  8,  the  outer  at 
2,  and  the  remote  at  1. 

'  Deduct  for  steepness  in  proportion  to  the  inconvenience  sustained  by  the 
farmer  in  plowing  and  manuring. 

Deduct  for  bad  roads,  fences,  and  for  difference  in  the  soils  of  a  field 
where  it  is  of  unequal  quality. 

8092.  Manures  are  that  which  improve  the  nature  of  the  soil,  or 
restore  the  elements  which  have  been  annually  consumed  by  the  crops. 
The  most  important  of  these,  in  addition  to  stable  manure  and  that  pro- 
duced from  towns,  consist  of  limestone,  coal  turbary,  sea  weed,  t» 
sand,  etc. 

In  a  limestone  country,  where  the  soil  usually  contains  a  sufficient 
quantity  of  calcareous  matter,  the  value  of  lime  as  a  manure  is  trifling 
when  compared  to  its  striking  effects  in  a  drained  clayey  or  losny 
argillaceous  soil.  It  promotes  the  decomposition  of  vegetable  or  animal 
matter  existing  in  the  soil,  and  renders  stiff  clay  friable  when  drained, 
and  more  susceptible  of  benefit  from  the  atmosphere,  hy  facilitating  the 
absorption  of  ammonia,  carbonic  acid  gas,  etc. ;  decomposes  salts  iojori- 
ous  to  vegetation,  such  as  sulphate  of  iron,  (which  it  converts  into  sul- 
phate of  lime  and  oxide  of  iron,  and  known  here  as  gypsum  or  plaster 
of  Paris,)  and  further  it  improves  the  filtering  power  of  soils,  and  enables 
them  to  retain  what  fertilising  matter  mny  be  contained  in  a  fluid  state. 

TAme  may  therefore  be  used  in  due  proportion,  either  on  moory  aren»' 
cious  or  argillaceous  soils ;  hence  the  vicinity  of  limestone  quarries  if  to 
be  considered  relatively  to  the  value  of  lime  as  a  manure  to  the  laotls 
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under  consideration :  say  from  sixpence   to  two  shillings  sterling  per 
poiind  to  be  added  according  to  circumstances. 

The  vieinity  of  coal  mines  and  turf  bogs  are  likewise  an  important 
consideration  affecting  the  Yalue  of  land,  for  the  expense  of  hauling  fuel* 
for  burning  lime  and  domestic  purposes,  must  be  considered.  The  per* 
eentage  should  Yary  from  sixpence  to  two  shillings  and  sixpence  per  pound* 

Sea  manure  includes  sea  weed  and  sea  sand,  containing  shells,  both  of 
which  are  highly  valuable,  especially  the  former. 

Where  sea  weed  of  good  quality  is  plentiful  and  easy  of  access,  the 
land  within  one  mile  of  the  strand  is  increased  in  yalue  4s.  in  the  pound 
at  least.  Where  the  soil  is  a  strong  clay  or  clayey  loam,  shelly  sea  sand, 
when  abundant,  will  increase  the  value  of  the  land  2s.  6d.  in  the  pound, 
for  the  distance  of  one  mile. 

The  valuator  will  consider  whether  sea  weed  is  cast  on  the  shore  or 
brought  in  boats,  and  the  nature  of  the  road.     If  hilly,  reduce  them  to 
level  by  table  at  p.  72j15.     The  following  wfll  enable  the  valuator  to  as- 
certain the  value  at  any  distance  from  the  strand : 
Supply  rather    scarce  at  one  mile,  2s.  For  every  one-half  mile 

middling  "  as.  deduct  6d. 

plentiful  "  4s. 

The  proximity  to  tovms,  as  a  source  of  manure  and  market  farm,  garden 
and  dairy  produce,  is  to  be  considered. 

MARKET. 

310.  To  this  head  may  be  referred  the  influence  of  cities,  towns  and 
fairs ;  these  possess  a  topical  influence  in  proportion  to  their  wealth  and 
population.     The  following  is  a  classification  of  towns : 

ViUaffea,  from  250  to  500  inhabitants. 

Small  market  towns,  from  500  to  2000. 

Lar^e  market  totcns,  from  2000  to  19,000. 

Cities,  from  19,000  to  75,000,  and  upwards. 

Small  villages,  of  from  250  to  500  inhabitants,  do  not  influence  the  value 
of  land  in  the  neighborhood  beyond  the  gardens  or  fields  immediately 
behind  the  houses.  The  increase  in  such  cases  above  the  ordinary  value 
of  the  lands  will  rarely  exceed  2s.  in  the  pound. 

Large  villages  and  small  towns,  having  from  500  to  1000  inhabitants, 
usually  increase  the  value  of  land  around  the  town  to  a  distance  of  three 
miles.  For  the  first  half  mile,  the  increase  is  8s.  in  the  pound ;  for  the 
next  half  mile,  2s.;  next,  IGd.  etc.,  deducting  one- third  for  each  half 
mile,  making,  for  three  miles  distant,  6d.  in  the  pound,  or  one-fortieth. 

Market  towns,  having  from  8000  to  75,000  inhabitants,  town  parks,  or 
land  within  one  mile,  is  10s.  in  the  pound  higher  than  in  ordinary  situa- 
tions. Beyond  (his  the  value  decreases  proportionately  to  Gs.  at  the  dis- 
tance of  three  miles  from  the  town.  Thence,  in  like  manner,  to  a  distance 
of  seven  miles,  where  the  influence  of  such  town  terminates. 

Cities  and  large  tovms,  having  a  population  of  from  1 9,000  to  75,000  inhabit- 
ants. The  annual  value  of  to^rn  parks  will  exceed  by  about  14s.  in  the  pound 
the  price  of  similar  land  in  ordinary  situations ;  and  this  increased  value  will 
extend  about  two  miles  in  every  direction  from  the  houses  of  the  town,  beyond 
which  the  adventitious  value  will  gradually  decrease  for  the  next  mile  to  128. 
in  the  pound ;  at  the  termination  of  four  miles,  to  6s.;  at  seven  miles,  to 
4s*. ;  and  at  nine  and  a  half  miles,  its  influence  may  be  considered  to  end. 

15 
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If  increate  to  be  made  for  the  yicinity  of  towns,  is  tabnUted  ts  follows 


PopulftttOD. 


From 


«» 


«( 


>( 


2S0  to       AOU, 

500  "     1,000, 

1.000  "     2,000. 

2,000  ^     4.000, 

4,000  '•     8,000. 

8,000  *<   15.(KXi, 

15,000  "  l»,ai0, 

19,000  ♦*  75,000, 

75,000  and  apwardR, 


III    *• 


1.     2. 


•  «.  ft.  *.  d.$.  <l. 

—  I  2  0    10   0  6 

—  :  3  0  2  0  10 
4  0  3  0  2  0 
G  0   r>  0   3  0 

—  :  —     8  0   0  0 

—  t  —   10  o'  I  0 

—  '  —    12  0  10  0 

—  !_,__   140 


DUt«nf«  in  MilMi. 


4.    '   6. 


$.  ti.  s.  d.[$.  d. 


I 


I 


0  6  — 

1  0   0  C 

2  0   1  0.  0  r 

4  0  2  o'  1  1) 

1 
6  0   4  020 

8  0  6  0   4  0 

12  0 10  o|  8  0 

22  0  20  tilS  C 


1.  d. 


».  d. 


8. .  9.    »i.  10. 


i.d.,»jL  »jd.  sjd. 


0  6)  — 
10   0  6 


2  0 

6  0 

15  0 


1  Olo  6  —  t—    — 


4  0 
10  0 


2  0 


1006—1 

I 

6  0302010 


In  ftppljing  the  Above  table,  tfu  population  mtut  be  U4ed  only  for  a  gen- 
eral indeZf  as  it  is  the  wealth  and  commercial  influence  which  principallj 
fixes  the  class ;  the  valuator  must  use  his  judgment,  combining  the  com* 
parative  wealth  with  the  population,  and  raise  it  one  class  in  the  tables, 
or  even  more.  If  there  be  a  large  poor  class,  he  should  take  a  class 
lower. 

The  general  influence  of  markets  and  towns  includes  the  effects  of  rvl- 
ways,  canals,  navigable  rivers,  and  highways;  thus,  of  two  districts 
equally  distant  from  a  market,  and  equal  in  other  respects,  that  which  is 
intersected  by  or  lies  nearer  to  the  best  and  cheapest  mode  of  communi- 
cation for  sale  of  produce,  is  the  most  valuable. 

Bleach  greena,  fair  greent,  orchards,  otieries,  etc.,  should  be  valued  ac- 
cording to  the  agricultural  value  of  the  land  which  they  occupy. 

Plantations  and  woods,  are  valued  according  to  their  agricultural  Talue. 

(NoTK. — We  have  made  up  the  following  section  from  Sir  Richard 
Griffith's  instructions,  and  Brown  on  American  Forest  Trees.  The  latter 
is  a  very  valuable  work. ) 

310a.  The  condition  of  trees  is  worthy  of  attention,  as  indicating  the 
nature  of  the  soil,  thus : 

Acer,  Maple.  Requires  a  deep,  rich,  moist  soil,  free  fVom  stagnant 
water ;  some  species  will  thrive  in  a  drier  soiL 

Abius.    Alder.     A  moist  damp  soil. 

BetUla,  Birch.  In  every  description — ^from  the  wettest  to  the  driest, 
generally  rocky,  dry,  sandy,  and  at  great  elevation. 

Carpinus*  Ironwood  and  Hornbeam.  Poor  clayey  loams,  incumbent 
on  sand  and  chalky  gravels. 

Castanea.  Chestnut.  Deep  loam,  not  in  exposed  situations.  A  rich, 
sandy  loam  and  clayey  soils,  free  from  stagnant  water. 

Cupressus,    Cypress.    A  sandy  loam,  also  clayey  soil. 

Chamerops,    Cabbage  Tree.     A  warm,  rich,  garden  mould. 

Oleditsehia,    Locust.    A  sandy  loam. 

Juglems,  Hickory.  Grows  to  perfection  in  rich,  loamy  soils.  Also 
succeeds  in  light  siltoeous,  sandy  soils,  as  also  in  clayey  ones. 

Larix.    Larch.    A  moist,  cool  loam,  in  shaded  localities. 
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Launu.    Sassafras.     A  soil  composed  of  sand,  peat  and  loam. 
Lyriodendron.     Poplar,  or  Tulip  Tree.     A  sandy  loam. 
PiwHi,    pine.     Siliceous,  sandy  soils ;  rocky,  and  barren  ones. 
PUtaniu.     Buttonwood,  or  Sycamore.    Moist  loam,^free  from  stagnant 
moisture. 

Qwrctu,    Oak.     A  rich   loam,  with   a   dry,  clayey  subsoil.     It  also 
thrires  on  almost  every  soil  excepting  bog^  or  pent. 

Rohwia.  Locust.  Will  grow  in  almost  any  soil:  but  attains  to  roost 
perfection  in  light  and  sandy  ones. 

THlia.  Lime  Tree.  Will  thrive  ill  almost  any  soil  provided  it  is 
moderately  damp.  .     . 

(For  further,  soe  Brown  on  Forest  Trees,  Boston  :  1882.) 

It  would  be  well,  in  every  instance,  to  make  sublets  of  plantations. 

In  some  instances,  1>lantations  may  be  a  direct  inconvenience  or  injury 
to  the  occupying  tenant.  In  such  cases,  the  circumstances  should  be 
noted,  and  a  corresponding  deduction  be  made  for  the  valuation  of  the 
farm  so  affected. 

Bog$  and  turbary  should  be  valued  as  pasture.  The  vicinity  of  turf,  as 
well  as  coal,  is  one  of  the  local  circumstances  to  be  considered  as  in- 
creasing the  value  of  the  neighboring  arable  land. 

Where  the  turf  is  sold,  the  bog  is  valued  as  arable,  and  the  expense  of 
cutting,  saving,  etc.  of  turf  deducted  from  the  gross  proceeds,  will  give 
the  net  value. 

Bo^^  swamps,  and  morasses,  included  within  the  limits  of  a  farm,  should 
be  made  into  sublets,  if  of  sufficient  extent. 

Mines,  quarries,  potteries,  etc.  The  expense  of  working,  proceeds  of 
sales,  etc.,  should  be  ascertained  from  three  or  four  yearly  returns. 

Mines,  not  worked  during  seven  years  previous,  are  not  to  be  rated. 

Tolls,  The  rent  paid  for  tolls  of  roads,  fairs,  etc.,  should  be  ascer- 
tained, and  also  the  several  circumstances  of  the  tolls.  If  no  rent  be 
paid,  the  value  must  be  ascertained  from  the  best  local  information. 

Fisheries  and  ferries.  From  the  gross  annual  receipts  deduct  the  annual 
expenses  for  net  proceeds.  It  will  be  necessary  to  state  if  the  whole  or 
part  of  a  fishery  or  ferry  is  in  one  township,  or  in  two,  etc.,  and  to  ap- 
portion the  proceeds  of  each. 

Railways  and  canals.  *'The  rateable  hereditament,''  in  the  case  of 
railways,  is  the  land  which  is  to  be  valued  in  its  existing  state,  as  part  of 
a  railway,  and  at  the  rent  it  would  bring  under  the  conditions  stated  in 
the  Act.'  The  profits  are  not  strictly  rateable  themselves,  but  they  enter 
materially  into  the  <iuestion  of  the  amount  of  the  rate  upon  the  lands  by 
affecting  the  rent  w-bich  it  would  bring,  or  which  a  tenant  would  give  for 
tJie  railway,  etc.,  not  simply  as  laud,  but  as  a  railway,  etc.,  with  its  pe- 
cnliar  adaptation  to  the  production  of  profit;  and  that  rent  must  be 
ascertained  by  reference  to  the  uses  of  it  (with  engines,  carriages,  etc., 
the  trading  stock),  in  the  same  way  as  the  rent  of  a  farm  would  be  calcu- 
lated, by  reference  to  the  use  of  it,  with  cattle,  crops,  etc.  (likewise 
trading  stock).  In  neither  cases  would  the  rent  be  calculated  on  the 
dry  pofisession  of  the  land,  without  the  power  of  using  it ;  and  in  both 
eaics,  the  profits  are  derived  not  only  from  the  stock,  but  from  the  land 
so  used  and  occupied. 

It  will  be  neoessary,  therefore,  to  ascertain  the  gross  receipts* for  a 
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year  or  two,  taken  at  each  station  along  the  line;  also  the  amount  of 
receipts  arising  from  the  intermediate  traffic  between  the  seyeral  stations. 
From  the  total  amount  of  such  receipts,  the  following  deductions  are  to 
be  made,  viz. :  interest  on  capital;  tenants*  profits;  working  expenses; 
value  of  stations :  depreciation  of  stock. 

It  is  to  be  observed,  that  the  valuation  of  railway  st-ation  houses,  etc., 
should  be  returned  separately. 

WASTK. 

The  value  of  the  ground  under  houses,  yards,  streets,  and  small  .gar- 
dens, is  included  in  their  respectiye  tenements.  So  also  in  the  country, 
roads,  stackyards,  etc.,  are  included  in  the  tenements.  The  area  of  ground 
occupied  by  these  roads  should  be  entered  as  a  deduction  at  the  foot  of 
the  lot  in  which  they  occur.   » 

Wh$/i  a  farm  u  interceded  by  more  roadt  than  is  necessary  to  its  wants, 
the  surplus  may  be  considered  tcaste.  Also  deduct  small  ponds,  barren 
cliffs,  beaches  along  lakes,  and  seashores. 

OF   THK    VALUATION    OP   BUILDINGS. 

3106.  By  a  system  analogous  to  that  pursued  in  ascertaining  the  valoe 
of  land,  the  value  of  buildings  may  be  worked  out ;  the  one  being  based 
on  the  scale  of  agricultural  prices,  and  modified  by  local  circumstances; 
the  other,  on  an  estimate  of  .the  intrinsic  or  absolute  value,  modified  by 
the  circumstances  which  govern  house  letting. 

The  absolute  value  of  a  building  is  equivalent  to  a  fair  percentage  on 
the  amount  of  money  expended  in  its  construction,  and  it  varies  directly 
in  proportion  to  the  solidity  of  structure,  combined  with  age,  state  of 
repair,  and  capacity,  as  shown  in  the  following  classification : 

Buildings  are  divided  into  two  classes:  those  used  as  houses,  and  those 
used  as  offices.  In  addition  to  the  distinction  of  tenements  already 
noticed  in  sec.  309^,  it  may  here  be  observed  that  houses  and  offices,  to- 
gether with  land,  frequently  constituted  but  one  tenement.  All  oat- 
buildings,  barns,  stables,  warehouses,  yards,  etc.,  belonging  or  contiguoos 
to  any  house,  and  occupied  therewith  by  one  and  the  same  person  or 
persons,  or  by  his  or  their  servant 8,^as  one  entire  concern,  are  to  be  con- 
sidered parts  of  the  same  tenement,  and  should  be  accounted  for  separately 
in  the  house  book,  such  as  herd's  house,  steward's  house,  farm  house, 
porter's  house,  gate  house,  etc. 

Apart  of  a  house  given  up  to  a*  father,  mother,  or  other  person,  without 
rent,  does  not  form  a  separate  tenement. 

Country  flour  millSf  with  miller's  house  and  kiln,  form  one  tenement 
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Bnlldingf, 


a\  *  A         i  House  or  office  (Ist  olaas),  )  Built  with  stone 
Biatea,    .   ^  Basements  to  do 


Thfttohed, 


Houie  or  office 


(Ist  oUbs),  ) 
0.  (4th},  .  [ 
(2Dd).  .     .   J 


Hou9f  or  office  (8rd),  * 


Offlcea  (5th), 


t   < 


or  brick,  and 

lime  mortar. 
Stone  walls  witii 

mnd  mortar. 
Pry  stone  wsllit 

pointed. 
^  Oood  mud  walU. 
Pry  Btone  waUf • 
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The  above  table  comprises  four  classes  of  houses  and  five  of  offices,  of 
each  of  which  there  may  be  three  conditions,  viz.,  new,  medium,  and  old, 
which  may  also  be  classified  and  subdivided,  as  follows : 

CIASSIFICATIOX  OF  BUILDISfOS  WITH  BBFBBENCE  TO  AGB  ABD  BBPAIB. 

Quality.  Description. 

.      ,    /  Built  or  ornamented  with  cut  stone,  or  of  superior  solid- 
~^  \     ity  and  finish, 
Y,v         j    A  f  Very  substantial  building,  and  finished  without  cut  stone 

•  (     ornament. 

» /  Ordinary  buHding  andfinishj  or  either  of  the  above,  when 

\     built  twenty  yearst 


B.  -f-      ^0^  n^v,  but  m  sound  order  and  good  repair. 
Mbdhtm,  -|   B.  Slightly  decayed,  but  in  good  rg>air. 

~  Deteriorated  in  age,  and  not  in  perfect  repair. 

C.  -{-       Old,  but  in  repair. 
Old,         ^  C.  Old,  out  of  repair.  • 

Old,  dilapidated,  scarcely  habitable. 

The  remaining  circumstance  to  be  considered  is  capacity  or  cubical 
content,  from  which,  in  connexion  with  the  foregoing  classifications, 
tables  have  been  made  for  computing  the  value  of  all  buildings  used 
^ther  as  houses  or  offices.     (See  sequel  for  tables.) 

Souses  of  one  story  are  more  valuable,  in  proportion  to  their  cubical 
contents,  than  those  of  two  stories.  Those  more  than  two  stories  dimin- 
ish  in  vftlue,  as  ascertained  by  their  cubical  contents,  in  proportion  to 
their  height. 

Tables  are  calculated  and  so  arranged  on  a  portion  of  a  house  10  feet 
square  and  10  feet  high,  =  100  cubic  feet,  so  that  a  proportionate  price 
given  for  a  measure  of  100  cubic  feet,  as  above,  is  greater  than  for  a 
timilar  content  20  feet  high,  or  for  10  square  feet  and  80  or  40  feet  high. 
For  example,  in  an  ordinary  new  dwelling  house,  the  price  given  by  the 
table  for  a  measure  containing  10  square  feet  and  10  feet  high,  is  7^ 
pence ;  for  the  same  area  and  20  feet  high,  the  price  is  \s.  0\d.;  for  the 
same  area  and  80  feet  high,  \s.  ^\d.;  and  for  the  same  area  and  40  feet 
high,  the  price  is  1«.  ^\d. 

OF   THB   KEASUBXMBNT  OF  BUILDINGS. 

SlOdL  Ascertain  the  number  of  measures  (each  100  square  feet)  con- 
tained in  each  part  of  the  building.  Measure  the  height  .of  each  part, 
and  examine  the  building  with  care.  Enter  in  the  field  book  the  quality 
letter,  which,  according  to  the  tables,  determines  the  price  at  which  each 
measure  containing  10  square  feet  i^.to  be  calculated. 

The  houses  .are  to  be  cartfully  lettered  as  to  their  age  and  quality.  Ad- 
dition or  deduction  is  to  be  made  on  account  of  unusual  finish  or  want  of 
finish,  etc.  Such  addition  or  deduction  is  to  be  made  by  adding  or  de- 
ducting one  or  more  shillings  in  the  pound  to  meet  the  peculiarity,  taking 
eare  to  enter  in  the  field  book  the  canse  of  such  addition  or  deduction. 

EnUr  also  the  rent  it  woald  bring  in  one  year  in  an  ordinary  situation. 

If  any  donbts  remain  as  to  the  quality  letter,  examine  the  interior  of 
the  building. 

In  mumtfing  buildings,  the  external  dimensions  are  taken — length, 
hreadth  and  ht Ight— from  the  levtl  of  the  lower  floor  to  the  eavof.    In 
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attic  stories  formed  in  the  roof,  half  the  height  between  the  eaTes  and 
ceiling  is  to  be  taken  as  the  height. 

Batement  stories  or  eeUarSy  both  as  dwellings  and  oflSces,  are  to  be  meas- 
ured separately  from  the  rest  of  the  building. 

Main  house  is  measured  first,  then  its  sereral  parts  in  due  form. 

EztensiTO  or  complicated  buildings  should  have  a  sketch  of  the  ground 
plan  on  the  margin  of  the  field  book,  with  reference  numbers  from  the 
plan  to  the  field  book. 

If  a  town  land  boundary  passes  through  a  building,  measure  the  part 
in  each. 

MODIFYING   CinCUMSTANCBS. 

810«.  The  chief  circumstances  which  modify  the  tabular  value  are 
deficiences,  unsuitableness,  locality,  or  unusual  solidity. 

Deficiences. — In  large  public  buildings,  such  as  for  internal  improve- 
ments, ^  allowance  of  10  to  30  per  cent,  is  made;  also  in  stables  and 
fuel  houses.  When  the  walls  of  farm  houses  exceed  8  or  12  feet  in  height, 
but  have  no  upper  flooring,  they  should  not  be  computed  at  more  than 
8  feet,  except  in  the  cases  of  grain  houses,  factories,  bams,  foundries, 
etc.     The  full  height  is,  however,  to  be  registered  in  each  case. 

Unsuitableness. — Houses  found  too  large,  or  superior  to  the  farm  and 
locality — where  there  are  too  many  oflSces  or  too  few. 

All  buildings  are  to  be  valued  at  the  sum  or  rent  they  would  reasonably 
rent  for  by  the  year. 

Buildings  erected  near  bleach  greens,  or  manufactories  which  are  now 
discontinued,  or  if  they  were  built  in  injudicious  situations,  should  be 
considered  an  incumbrance  rather  than  a  benefit  to  the  land;  conse- 
quently, only  a  nominal  value  should  be  placed  on  them. 

The  tabular  amount  for  large  country  houses^  occupied  by  gentlemen, 
usually  exceeds  the  sum  they  could  be  let  for,  and  this  difference  increases 
with  the  age  of  the  building.     The  following  is  to  correct  this  defect: 


llou8««  amouniiDg 

Keductiou 

Kedttction 

ftt>ni 

to 

per  Pound. 

per  cent. 

£10 

£35 

None. 

None. 

35 

40 

0*.     Orf. 

0.025 

40 

r»o 

1       0 

0.05 

60 

60 

1        6 

0.075 

60 

70 

2       0 

0.10 

70 

80 

2       (\ 

0.125 

80 

90 

a     0 

0.160 

90 

100 

3        0 

0.175 

100 

110 

4       0 

0.200 

110 

120 

4.       6 

0.225 

120 

140 

5       0 

0.250 

140 

160 

0       6 

0.276 

160 

200 

6       0 

0.300 

200 

300 

7        0 

O.350 

300  and 

upwards. 

8       0 

0.400 

Where  any  improvements  have  been  made  to  gentlemen's  houses,  care 
should  be  taken  to  ascertain  whether  any  part  of  the  original  house  waa 
made  useless,  or  of  less  value.  If  so,  deduct  from  the  price  given  by  the 
table  as  the  case  may  require. 

Locality  includes  aspect,  elevation,  exposure  to  winds,  means  of  accees, 
abnndanoe  or  scarcity  of  water,  town  influence,  etc.,  each  of  which  is  to 
be  carefully  oontidered  on  the  ground. 
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In  determining  the  value  of  buildings  immediately  adjoining  large 
towns,  ascertain  the  percentage  which  the  town  valuator  has  added  to 
the  tabular  value  of' these  on  the  limits  of  the  town  lot.  Those  in  the 
town  lot  are  referred  to  another  heading,  as  will  appear  from  sec.  310/. 

Solidity. — In  large  mills/ storehouses,  factories,  etc.,  well  built  with 
stone  or  brick,  and  well  bonded  with  timber,  a  proportional  percentage 
flhonld  be  added  to  the  tabular  value  for  unusual  solidity  and  finish, 
which  will  range  from  30  to  50  per  cent.  The  value  thus  found  may  be 
checked  by  calculating  the  tabular  value  of  the  ground  floor,  and  multi- 
plying this  amount  by  the  number  of  floors,  not  including  the  attic. 

VALUATION    OP    HOUSES    IN    CITIES  AND  TOWNS. 

810/.  In  valuing  houses  in  cities  and  towns,  there  are  circumstances 
for  consideration  in  addition  to  those  already  enumerated,  viz.,  arrange- 
ment of  streets,  measurement,  comparative  value,  gateways,  yai^s,  gar- 
dens, etc.  To  efi'ect  this  object,  each  town  should  be  measured  according 
to  a  regular  system ;  and  the  following  appears  to  be  a  convenient  ar- 
rangement for  the  purpose : 

Arrangement  of  streets. — The  valuator  should  commence  at  the  main 
street  or  market  square,  and  work  from  the  centre  of  the  town  towards 
the  suburbs,  keeping  the  work  next  to  be  done  on  his  right  hand  side, 
measuring  the  first  house  in  the  street,  and  marking  it  No.  1  on  his  field 
map  and  in  his  field  book.  Afterwards  proceed  to  the  next  house  on  the 
same  side^  marking  it  No.  2,  and  so  on  till  he  completes  the  measurement 
of  the  whole  of  the  houses  on  that  side  of  the  street.  He  is  then  to  turn 
back,  proceeding  on  the  other  side,  keeping  the  work  to  be  done  still  at 
his  right  handl  The  main  street  being  finished,,  he  proceeds  to  measure 
the  cross  streets,  lanes  or  courts  that  may  branch  from  it,  commencing 
with  that  which  he  first  met  on  his  right  hand  in  his  progress  through 
the  main  street.  This  street  is  measured  in  the  same  manner  as  the 
main  street;  and  all  lanes,  courts,  etc.,  branching  from  it  are  measured 
in  like  manner,  observing  the  same  rule  of  measurement  throughout. 

Having  finished  the  first  main  street,  with  all  its  branches,  he  is  to  take 
the  next  principal  street  to  his  right  hand,  from  the  first  side  of  the  first 
main  street,  and  proceed  as  in  the  first,  measuring  all  its  branches  as 
above. 

(Note. — ^Let  Clark  and  Lake  streets,  in  the  city  of  Chicago,  be  the  two 
principal  streets,  and  their  intersection  one  block  north  of  the  Court 
House,  the  principal  or  central  point  of  business.  Clark  street  runs 
north  and  south ;  Lake  street,  east  and  west.  Nearly  all  the  other  prin- 
cipal streeta  run  parallel  to  these.  We  begin  at  the  west  side  of  Clark 
and  north  side  of  Lake,  and  run  west  to  the  city  limits,  and  return  on 
the  south  Bide  of  the  street,  keeping  the  buildings  on  the  right,  to  Clark 
street  We  continue  along  the  south  side  of  Lake,  east  to  the  city  limits, 
and  then  return  on  the  north  side  of  Lake,  keeping  the  buildings  on  the 
right,  to  the  place  of  beginning.  Having  finished  all  the  branches  lead- 
ing into  this,  we  take  the  next  street  north  of  Lake,  and  measure  on  the 
north  side  of  it  west  to  the  city  limits,  and  so  proceed  as  in  the  first  main 
street.  Haijng  finished  all  the  east  and  west  streets  north  of  the  first 
or  Lake  street,  we  proceed  to  measure  those  east  and  west  streets  south 
of  the  fint  or  Lake  street,  as  above.    We  now  proceed  to  measure  the 
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north  and  south  streets,  taking  first  the  one  next  west  of  Clark,  and  run 
north  to  city  limits ;  then  return  on  the  west  side  of  the  street  to  Lake, 
and  continue  south  to  the  city  limits ;  return  on  the  east  side  of  the 
street  to  the  place  of  beginning.    Thus  continue  through  the  whole  city.) 

In  measuring  huUdingSy  the  front  dimensions,  and  that  of  returns,  is  set 
in  the  first  column  of  his  book,  the  line  from  front  to  rear  is  placed  in 
the  second  coli^mn,  and  the  height  in  its  own  place. 

In  offices,  the  front  is  that  on  which  the  door  into  the  yard  is  situated. 

In  hotuei  with  garrets,  measure  the  height  to  the  eave,  and  set  in  the 
field  book,  under  which  set  the  addition  made  on  account  of  the  attic, 
and  add  both  together  for  the  whole  height. 

£very  house  having  but  one  outside  door  of  entrance,  is  to  be  num- 
bered as  one  tenement.  Where  there  are  two  doors,  one  leading  to  a 
shop  oV  store,  to  which  there  is  internal  access  from  the  house,  the  whole 
is  to  be  considered  as  one  tenement ;  but  if  the  shop  and  other  part  of 
the  house  be  held  by  diflferent  persons,  the  yalue  of  each  part  should  be 
returned. 

Where  a  number  of  houses  belonging  to  one  person  are  let  from  year 
to  year  to  a  number  of  families,  each  house  is  to  be  returned  as  one 
tenement 

Buildings  in  the  rear  of  others  in  towns  arb  to  be  rained  separately 
from  those  in  front 

COMPASATITB  YALUK. 

dlQ^.  In  towns,  a  shop  for  the  sale  of  goods  is  the  mo8t*Taluable  part 
of  a  house ;  and  any  house  haying  much  Aront,  and  affords  room  for  two 
or  three  shops,  is  much  more  yaluable  than  the  same  bulk  of  house  with 
only  one  shop. 

When  a  large  house  and  a  small  one  have  each  a  shop  equally  good, 
the  smaller  one  is  more  valuable  in  proportion  to  its  cubical  contents,  as 
ascertained  by  measurement,  and  a  proportionate  percentage  should  be 
added  to  the  lesser  building  to  suit  the  drcumstances  of  the  case. 

Where  large  houses  and  small  mean  ones  are  situated  close  to  each  other, 
the  value  of  the  small  ones  are  advanced,  and  that  of  the  large  ones  les- 
sened.   In  such  cases,  a  proportionate  allowance  should  be  made. 

Stores  (warehouses)  in  large  totems  do  not  admit  of  so  great  a  difference 
for  situation  as  shops — a  store  of  nearly  equal  value,  in  proportion  to  its 
bulk,  in  any  part  of  a  town,  unless  where  it  is  acyoining  to  a  quay,  rail- 
way depot  or  market ;  then  a  proportionate  additional  value  should  be 
added. 

Gateways. — In  stores  or  warehouses  in  a  commercial  street,  where 
there  is  a  gateway  underneath,  no  deduction  is  made. 

In  shops  or  private  dwellings,  a  gateway  under  the  front  of  the  house  is 
a  disadvantage,  compared  to  a  stable  entrance  from  the  rear.  In  such 
cases,  a  proportionate  deduction  should  be  made  on  account  of  the  gate- 
way. 

In  measuring  gateways,  take  the  height  the  same  as  that  of  the  st^ry  of 
which  it  is  a  part. 

Passages  in  common  are  treated  similar  to  gateways. 

Where  any  addition  or  deduction  is  made  on  account  of  gateways,  it 
should  be  written  in  full  at  the  end  of  the  other  dimensions,  so  as  to  be 
added  or  subtracted  as  the  case  may  be. 
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Where  deductions  are  made  on  account  of  want  of  finish  in  any  house, 
state  the  nature  of  the  wants,  and  where  required. 

Stores  do  not  want  the  reductions  for  large  amount,  which  has  been 
directed  in  the  case  of  gentlemen's  country  seats. 

OF  TOWN  GARDENS  AND  YARDS. 

810A.  In  large  towns,  the  open  yard  is  equal  to  half  the  area  covered 
Ij  the  bnildings ;  if  more,  an  additional  yalue  is  added,  but  bubtracted 
if  less.    Allowance  is  made  if  the  yard  is  detached  or  difficult  of  access. 

The  quantity  of  land  occupied  by  the  ttreet$,  houses,  offices,  warehouses, 
or  other  back  buildings  belonging  to  the  tenements,  together  with  the 
jards,  is  to  be  entered  separately  at  the  end  of  the  town  lots  in  w^ich 
they  occur,  the  value  of  such  land  being  one  of  the  elements  considered 
in  determining  the  value  of  the  houses,  etc. 

A  timber  yard,  or  commercial  yard,  is  to  be  valued.  If  large,  state  the 
area,  and  if  paved,  etc.,  the  kind  of  wall  or  enclosure,  and  if  any  offices 
are  in  it,  their  value  is  to  be  added  to  that  of  the  yard. 

Gardens  in  towns. — In  towns,  the  yards  attached  to  the  houses  are  to 
be  considered  ae  one  tenement ;  but  the  garden,  in  each  case,  is  to  be 
Burreyed  separately,  and  not  included  in  the  value  of  the  tenement.  The 
gardens  in  towns  are  to  be  valued  as  farming  lands  under  the  most  favor- 
able circumstances. 

OF  THE    8CALS   FOR   INORKASINQ   THE   TABULA]^  VALUE  OF  HOUSES 

FOR  TOWN   INFLUENCE. 

dlOt.  Ascertain  the  rents  paid  for  some  of  the  houses  in  different 
parts  of  the  city.  This  will  enable  one  to  determine  the  tabular  increase 
or  decrease. 

As  it  is  better  to  have  a  house  rented  by  a  lease  than  by  the  year  or 
half  year,  therefore  a  difference  is  made  between  a  yearly  rent  and  a 
lease  rent:  for  a  new  house,  two  shillings  in  the  pound  in  favor  of  the 
lease  rent ;  for  a  medium  house,  about  three  shillings  in  the  pound ;  and 
for  an  old  house,  about  four  shillings  in  the  pound. 

In  all  houses  whose  annual  value  is  under  ten  pounds,  the  rent  from  year 
to  year  is  higher  in  proportion  to  the  cubical  contents  than  in  larger 
houses  let  in  the  same  manner,  but  the  risk  of  losing  by  bad  tenants  is 
greater  for  small  houses,  therefore  in  reducing  such  small  houses,  when 
let  by  the  year  or  half  year,  to  lease  rents,  five  shillings  in  the  pound  at 
least  should  be  deducted. 

In  nttages  and  small  market  towns,  an  addition  of  twenty-five  per  cent, 
to  the  prices  of  the  tables  will  generally  be  found  sufficient. 

In  moderate  sized  market  towns,  the  prices  given  in  the  tables  may  be 
trebled  for  the  best  situations  in  the  main  street,  near  the  market  or 
principal  business  part  of  the  town ;  and  in  the  second  and  third  classes, 
the  prices  will  vary  from  one  hundred  to  fifty  per  cent,  above  the  tables ; 
and  in  large  market  towns,  the  prices  for  houses  of  the  first  class,  in  the 
beet  situations,  will  be  about  three  and  one-half  times  those  of  the  tables.- 

In  dividiny  the  streets  or  houses  of  any  town  into  classes,  the  valuator 
is,  in  the  first  instance,  to  fix  on  a  medium  situation  or  street,  and  having 
ascertained  the  rents  of  a  number  of  houses  in  it,  he  is,  by  measurement, 
to  determine  what  percentage,  in  addition  to  the  country  tables,  should 

16 
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be  made,  so  m  to  produce  resalts  similftr  to  the  ATenge  of  the  asceri aimed 
rents. 

Having  determined  the  percentage  to  be  added  to  the  price  giveD  in  the 
tables  for  houses  in  medium  situationSf  the  standard  for  the  town  abont 
to  be  Talued  may  be  considered  as  formed ;  and  from  this  standard,  pei^ 
eentages  in  addition  are  to  be  made  for  better  and  best  situations,  or  for 
any  nnmber  of  superior  classes  of  houses,  or  of  situations  which  the  size 
of  the  town  may  render  necessary. 

In  towns,  the  front  is  the  most  iuTalnable,  therefore  ralue  the  front 
and  rear  of  the  building  separately,  so  as  to  make  one  gross  amount. 
It  is  impossible  to  determine  accurately  the  proportion  between  the 
▼alu«  of  the  front  and  rear  buildings ;  but  it  has  been  found  that  in  re- 
vising the  Taluations  of  several  towns,  that  the  proportion  of  fire  to  three 
was  applicable  to  the  greater  number  of  houses  in  good  situations ;  that 
is,  the  country  price  given  by  the  tables  should  be  multiplied  by  fiT^  fo'r 
the  f^ont,  and  three  for  the  back  buildings,  stores  and  offices. 

WATBR-POWBR. 

SlOf.  ^  Ascertain  the  value  of  the  water  power,  to  which  add  that  of 
the  buildings.  - 

A  kane-power  is  that  which  is  capable  of  raising  88,000  pounds  one 
foot  high  in  one  minute. 

The  h^ree-power  of  a  etream  is  determined  by  baring  the  mean  velocity 
of  the  stream,  the  sectional  area,  and  the  fall  per  mile. 

The  fall,  is  the  height  from  the  centre  of  the  column  of  water  to  the 
level  of  the  wheers  lower  periphery.  The  weight  of  a  cubic  foot  of 
water  is  62.25  pounds. 

7\>tal  weight  discharged  per  minute  :^  V  •  A  •  62.26.  Here  A  =  sec- 
tional area,  and  y=mean  velocity  in  feet  per  minute. 

A  body  falling  through  a  given  space  acquires  a  momelhtum  capable  of 
raising  another  body  of  <;qual  weight  to  a  similar  height;  therefore,  the  total 
weight  discharged  per  minute,  multiplied  by  the  modultu  of  the  wheel,  and 
this  product  dirided  by  33,000  pounds,  will  give  the  required  horse- power. 

ModuluM  for  overshot  wheel 0.75 

*'        *'    breast  wheel.  No.  1,  with  buckets t>6 

'*        '*         *'  **       No.  2,  with  float  boards..;.  .55 

"        "    turbine 65  to  78 

••        *'    undershot  wheel 38 

NoTB. — James  Francis,  Esq.,  C.E.,  has  found  at  Lowell,  Massachusetts, 
as  high  as  00  to  94,  from  Boyden's  turbines. 

Fourneyron  and  D*Auibuison  give  the  modulus  for  turbine  of  ordinary 
eonstmction  and  well  run  =0.70. 

To  measure  the  velocity  of  a  stream.  Assume  two  points,  as  A  and  B, 
528  feet  apart;  take  a  sphere  of  wax,  or  tin,  partly  filled  and  then  sealed, 
so  as  to  sink  about  one- third  in  the  water;  drop  the  sphere  in  the  centre 
of  the  water,  and  note  when  it  comes  on  the  line  A-A,  and  on  the  liue 
B-B.  A  and  A  mny  be  on  opposite  sides  of  the  river,  or  on  the  river,  or 
on  the  same  side  at  light  angles  to  the  thread  of  the  btreani.  LfCt  the 
time  in  passing  from  the  Uoe  AA  to  the  line  BB  be  six  minutes.  Then 
as  six  min. :  528  ft : :  CO  min.  to  5280  ft. ;  that  iff,  the  mejuured  surface 
velocity  is  one  mile  per  hour. 
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IL  Pronj  gives  V  =  surface,  W  =  bottom,  ami  V  =  mean  velocity,  and 
U  =  0.80  y  =  mean  Telocity, 
W = 0.60  V  =  bottom  Telocity ; 

tkertfore,  as  6  minutes  gives  a  surface  Telocity  of  88  ft ;  this  multiplied 
bj  0.80;  {^ves  70.4  ft.  per  minute  as  the  mean  velocity. 

ZlOk,    The  following  may  serve  as  an  example  for  entry  of  data  and 
calculation : 


.    - 

rt 

b. 

A  Bfwt  ¥rh6«l, 
'   Sal. 

, 

itiMB  pfrmtai- 
nto, 

144 

;  Urtnmgh,         ' 

. 

86 

Dtpthofdo. 

- 

8 

FdlcTvatar, 

12 

•a. 

8« 
8 


288  —  2  ftet  -•  Beetiooal  srea  —  A. 
144 


flS^ 


—  Cubic  content  p«r  tnlvuto. 
^  Weight  of  one  Ibot 


18000  Iba.  —  Weight  dlieharged. 


12 


21M00 
•66 

1426600 


—  V»ll  of  Wfiter. 

—  Total  ftTaflable  power. 

—  Modolns. 

This  divided  by  88000,  glTei  4-82  —  efbeUve 
hone-power. 


OAenme: 


^ 

It. 

^ 

Bmit  wheel  Nal. 
Betohitioike    per 

BiBote,  0^ 
MuMterofwheel. 
BMdthofdow 
Dipth  of  abroad- 

fUlefwetv, 

14 
12 

86 
8-8 

86  z  8-6  —  2*12  fbet  >»  eeetlooel  eree  of  backet 

14  X  12  —  168,  and  168  —  8-6  « lfiO'6  — 18-29  ^  redttred 

diameter  at  eentiw  of  bnokete. 
18-29  X  8*1416 >-  dreamlbrenoe  at  centre  of  bucket!  -»41'76], 
41*751x6*6  — 2*12 

*■*  A "■  292  cub.  ft.  in  buckets  half  f^lL 

292  X  62*26  —  18260 

12  — fkllofwater. 


'  219000 

*66  —  modulns. 
83000  )  144640-00  (  —  4-88  effeeUre  hon»power^ 


For  undershot  wheels,  the  data  are  as  follow : 


fl^^K. 

rt 

fa. 

levoiutloBs  per  mloute, 

Dbmeter  of  wheel, 

Bnedth  of  float  boaid, 

DipChofdo., 

Tiioelty  of  streaaa    per 
adaute, 

BilgbtoffrUdiiatoTel- 
odty. 

Ospth  of  do.  under  wheel. 

16 
4 
2 

796 

2 

6 

9 

PI.  lib 

4    6  —  Breedth  of  float  boards. 
10      Depth  of  do.  acted  on. 


8*76 
798 

2992 

62^ 


187081*26 
2*76 

614886*9 


160780 
33000 


Area  oif  float  boards. 
Velocity  of  stream. 

Weight  of  one  cubic  flbot. 

Height  of  flai  due  to  Teloelty. 

Modulus. 

5*14  horse-power. 


3104  It  is  to  be  observed  that  the  horse-power  deduced  from  measure- 
ment of  a  bnokei- wheel  may  be  found  in  some  instances  rather  greater 
than  that  from  the  velocity  and  fall  of  water,  as  it  is  necessary  that  space 
ifaoiild  be  left  in  the  buckets  for  the  escape  of  air,  and  also  to  economize 
the  water. 

When  a  bucket-wheel  is  well  constructed,  multiply  the  eubic  content 
of  water  discharged  per  minute  by  .001325,  and  by  the  fall ;  the  product 
will  be  the  effective  horse-power  approximately. 

^or  htrftdief,  the  effective  cubical  content  of  water  discharged  per  min- 
ute multiplied  by  the  height  of  the  fall,  and  divided  by  700,  will  be  equal 
te  the  effeetive  horse-power. 
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In  practiu^  twelve  cubic  feet  of  water  falling  one  foot  per  second,  is 
considered  equal  to  a  horse-power. 

When  the  water  ie  euppUed  from  a  reeervoir,  and  discharged  through  a 
sluice,  measure  trom  the  centre  of  the  orifice  to  the  surface  of  the  water, 
and  note  the  dimensions  of  the  orifice. 

Head  of  water.-^The  Telocity  due  to  a  head  of  water  is  equal  to  that 
which  a  heavy  body  would  acquire  in  falling  through  a  space  equal  to 
the  depth  of  the  orifice  below  the  free  surface  of  the  fluid ;  that  is,  if 
y  =  velocity,  and  M  =  I6/1  feet,  or  the  space  fallen  through  in  one 
second,  and  H  *==  the  height,  the  velocity  may  be  represented  thus : 
V  =  2  y^  M  H ;  thus  the  natural  velocity  for  .09  feet  head  of  water 
wiU  be  V  =:  2  V  (16i\  X  •09}i  =  2.4  feet  per  second.  In  practice, 
y  =  8  y^  H.  The  effective  velocity=  five  times  the  square  root  of  the 
height.     (See  sec.  812.) 

VALUI   OF  WATEB-POWE&. 

810m.  The  water-power  is  to  be  valued  in  proportion  as  it  is  nsed,  and 
the  time  the  mill  works. 

One  horse  running  twenty-two  hours  per  day  during  the  year,  is  valued 
at  £1  15<.  This  amount  multiplied  by  the  number  of  horses'  power,  will 
give  the  value  of  the  water-power. 

The  annexed  table  is  calculated  with  reference  to  class  of  machiDery 
and  time  of  working. 


Quality 
of 

Number  of  Working  Honn. 

Machinery. 

8 

10 

12 

14 

16 

18 

ao 

22 

New, 

Medium, ... 
Old 

a    d. 
18  8 

12  0 

10  6 

t.  d. 

18  6 

16  9 
15  0 

».  d. 
28  8 

21  0 

18  9 

«.   d. 

26  9 

24  8 
21  6 

9.  d. 

28  9 

26  0 
28  8 

M.  d. 
80  9 

27  9 

24  9 

f .   d. 

88  0 
29  6 
26  6 

a.    d. 
86  0 

31  6 

28  0 

x^a^a,    •«•■••■.• 

In  this,  two  hours  are  allowed  for  contingencies  and  change  of  men. 

The  highest  proportionate  value  is  set  on  14  hours*  work,  as  daring 
that  time  sufficient  water  can  be  had,  and  one  set  of  men  can  be  suffioient 

Where  the  supply  of  water  throughout  the  year  is  not  the  same,  tlie 
valuator  is  to  determine  for  each  period  jt>y  the  annexed  table. 


Description  of 
Class  of  Machi 

Mill, 

1 

nerv A. 

Horiee' 
Power. 

Working  Time. 

Value  of 
Water-power. 

Obeerrationa 

Xomber  of 

Month! 

per  Tear. 

Number  of 

Hours 

per  Day. 

9 
6 

8 
4 

22 
12 

£      t.     d. 

10   10    0 

2     6    6 

For  8  months  the  full  power 
of  the  wheel  is  used,  but  for  the 
remaining  4,   not  more  than 
two- thirds  of  the  water-power 
can  be  calculated  on. 

12  16    6 
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Where  »  mill  is  worked  part  of  the  year  by  water  and  another  part  by 
steam,  care  must  be  taken  to  determine  that  part  worked  by  water,  and 
iJso  to  Talue  the  machinery,  as  it  sometimes  happens  that  the  mill  may 
be  one  qnality  letter  and  the  machinery  another— ^higher  or  lower. 

MODirriHQ  0IECUM8TAHCB8. 

SlOfi.  The  wheel  may  be  nnsuitable  and  ill-contrived ;  the  power  may 
be  iigndidously  applied ;  the  supply  may  be  scarce,  may  overflow,  or 
have  backwater. 

In  gravity  wheels,  the  water  should  act  by  its  own  weight — the  prin- 
ciple upon  which  its  maximum  action  depends  being  that  the  water  should 
enter  the  wheel  without  impulse,  and  should  leave  it  without  velocity. 
The  water  should,  therefore,  be  allowed  to  fall  through  such  a  space  as 
will  give  it  a  velocity  equal  to  that  of  the  periphery  of  the  wheel  when 
in  full  work,  thus :  if  the  wheel  move  at  the  rate  of  five  feet  per  second, 
the  water  must  fall  on  it  through  not  less  than  two-fifths  of  a  foot ;  for 
the  space  through  which  a  falling  body  must  move  to  acquire  a  given 

Telocity  is  expressed  thus :  -r-—  = 


4  M       64.838 

For  mills  situate  in  inland  towns  of  considerable  importance,  such  as 
Armagh,  Carlow,  Navan,  Kilkenny,  etc.,  in  a  good  wheat  country,  where 
wheat  can  be  bought  at  the  mill,  and  the  flour  sold  there  also,  five  shil- 
lings in  the  pound  may  be  added  on  the  water-power  for  the  advantage 
ofsttoation. 

The  vicinity  of  such  towns,  say  within  three  to*  four  miles,  may  be 
celled  an  ordinary  situation.  Beyond  this  distance,  where  the  wheat  has 
to  be  carried  from,  and  flour  to,  the  market,  the  water-power  gradually 
decreases  in  value ;  and  from  such  a  town  to  ten  nules  distance  from  it, 
the  water-power  may  be  rated  according  to  the  following  table. 


Add  to  water-power, 


10  0  per  pound  within  the  town  lot. 
8  0  when  distant  from  0  to  1  mile. 


6  0 

H 

1  to  8     «« 

4  0 

a 

3  to  5    «« 

2  0 

«< 

6  to  8    " 

1  0 

i< 

8  to  10    «* 

0  0 

(( 

10  and  upwards. 

Beyond  ten  miles  from  a  good  local  market,  a  flour  mill  can  rarely  re- 
quire percentage  for  market. 

But  tkit  rule  of  increase  does  liot  apply  to  small  mills,  such  as  flour  mills, 
where  only  one  pair  of  millstones  is  used ;  in  this  case,  only  half  the 
sbove  percentage  is  to  be  added  within  three  miles  of  a  large  town ;  be- 
yond that  distance,  no  addition  is  to  be  made. 

In  the  ease  of  bUaeh  milU,  they  should  be  as  near  to  their  purchasing  or 
export  market  as  flour  or  corn  mills,  and  the  valuator  should  make  de- 
ductions for  a  remote  situation,  especially  where  the  chief  markets  for 
buying  linen  are  distant,  or  add  a  percentage  to  the  water-power  where 
the  Bitaation  has  unusual  advantages  in  these  respects. 
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8IO0.      H0R8B-P0WBR   DKTBRMINBD  FBOM   THE   MACHIHBRT  DBITKX. 

In  aflaxgniU,  each  stock  is  eqaivalent  to  one  horse-power.  The  brais- 
ing maohine  of  three  rollers  =  1}  stocks. 

The  nambering  of  horse-power  in  the  mill  may  thas  be  conntedf  mad 
the  Talne  ascertained  from  the  table  for  horse-power  from  see.  31  (M. 

In  tpmnmjf  nUUt,  the  horse-power  may  be  determined  from  the  niunber 
of  spindles  driyen,  and  the  degree  of  fineness  spun,  for  in  eyery  spuming 
mill  the  machinery  is  oonsiraoted  to  spin  within  certain  range  of  fineneaa. 
Therefore  ascertain  the  range  of  fineness  and  anmber  of  spindles. 

Yam  is  distinguished  by  the  degree  of  fineness  to  which  it  is  spun,  and 
known  by  the  number  of  leas  or  cats  which  it  yields  to  the  poond. 

One  lea  or  cut  =  800  lineal  yards. 

12  leas  =  1  hank ;  200  leas  =  16  hanks ;  and  8  leas  =  1  bundle  = 
60000  yards. 

LtM  to  the  pound.  No.  of  Sitodles. 

From    2  to      8,  40  throstles  require  one  horse-power. 

Prom  12  to    80,  60        "  "        "  " 

From  70  to  120,  120        "  "        "  " 

In  eotUm  miUtf  the  throstle  spindle  is  used  for  the  coarser  yama,  and 
for  the  finer  kinds  the  mule  spindle. 

L«M  to  the  pound.  No.  of  8|dndl«s. 

From  10  to  80,  180  throstles  equal  one  horse-power. 

From  10  to  50,  500  mules         "      "  *' 

In  hltaehmg  mUlty  ascertun  the  number  of  beetling  engines ;  mensnre 
the  length  of  the  wiper  beam  in  each,  together  with  the  length  of  beetles, 
and  their  depth,  taken  across  the  direction  of  the  beam ;  also  the  height 
the  beetles  are  raised  in  each  stroke.  ^ 

From  these  data,  the  horse-power  of  such  engine  can  be  found  bjr  in- 
spection of  the  table  calculated  for  this  purpose.  Ascertain  the  number 
of  pairs  of  washing  feet,  and  if  ot  the  ordinary  kind ;  the  pairs  of  mb- 
boards,  starching  mangle,  squeexing  machine,  calender,  or  any  other 
machine  worked  by  water,  and  state  the  horse-power  necessary  to  vork 
each. 

The  $tandard  /or  a  horse-power  in  a  beetling  mill  is  taken  as  follows  : 
Beam,  furnished  with  cogs  for  lifting  the  beetles,  10  feet  long.  The  wiper 
beam  makes  30  reTolutions  in  a  minute ;  and  being  furnished  with  two 
sets  of  cogs  on  its  circumference,  raises  the  beetle  60  times  per  minate, 
working  beetles  4  feet  4  inches  in  length,  and  8  inches  in  depth,  from 
front  to  rear,  making  80  reYolutions  per  minute,  or  lifting  the  beetles  60 
times  in  a  minute  one  foot  high,  is  equal  to  one  horee-power.  This  inolndes 
the  power  necessary  to  work  the  trarerse  beam  and  guide  slips,  which 
retain  the  beetle  in  a  perpendicular  position. 

Taking  the  wiper  beam  at  10  feet  long,  and  height  lifted  as  1  foot, 
making  80  rcTolutions  per  minuie,  the  following  table  will  show,  by  in- 
spection, the  proportionate  horse-power  required  to  raise  beetles  of  other 
dimensions  60  feet  in  one  minute,  assuming  the  weight  of  a  cubic  foot  of 
dry  beach  wood  =  712  ounces. 

When  the  engine  goes  faster  or  slower,  a  proportionate  allowance  must 
be  made. 
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front 

to) 


S 

4 

^ 


IBCaTB  Of  BBXTLBS. 


?tlll 

4    4 


Ft.  In. 

4     6 


Ft.  Id. 

4    8 


Ft  In. 
4    10 


Ft  In. 

6    0 


Ft  In. 
5    2 


Ft  In. 
5    4 


Ft  In. 
6    6 


Ft  In. 
6    8 


Ft  In. 
i  10 


Ft  In. 

6    0 


Number  of  Hone  Power. 


1.00 
1.07 
1.15 
1.28 
1.81 
1.40 
1.48 


1.08 

1.06 

X.IO 

1.14 

1.19    1.28 

1.27    1.82 

1.86 

1.41 

1.44 

1.49 

1.58 

1.58 

1.10 
1.18 
1.27 
1.87 
1.45 
1.64 
1.64 


il.18 
il.22 

1.82 
il.41 
11.50 

1.59 
!l.69 


1.16 

1.20 

1.24 

1.28 

1.82 

1.26 

1.80 

1.34 

1.38 

1.42 

1.36 

1.40 

1.45 

1.49 

1.58 

1.45 

1.49 

154 

1.58 

1.68 

1.56 

1.60 

1.65 

1.70 

1.76 

1.64 

1.70 

1.75 

1.80 

1.85 

1.75 

1.80 

1.85 

191 

1.97 

1.86 
1.46 
1.58 
1.69 
1.80 
1.91 
2.03 


From  this  table  it  appears  that  a  ten  feet  wiper  beanii  having  its  beetles 
four  inches  in  depth,  five  feet  long,  and  to  lift  those  beetles  one  foot  high 
sixty  times  in  a  minute,  wonid  require  the  power  of  one  and  one-half 
horses. 

If  the  wiper  beam  be  more  or  less  than  ten  feet  in  length,  or  if  the  lift 
of  tbe  beetles  be  more  or  less  than  one  foot,  a  proportionate  addition  or 
dedaetion  should  be  made. 

The  following  is  given  to  assist  the  valuator  in  determining  the  value 
of  the  other  machinery  in  a  bleaching  mill : 

One  pair  of  rub-boards,  =  0.5  to  0.7  horse-power. 
**    starching  mill,  1  *' 

**    drying  and  squeezing  machine,         1  ** 

''    pair  of  wash-feet,  1.6  to  2  " 

•*    calender  (various),  8  to  6  ** 

In  beeUinff  mUU,  the  long  engine,  with  a  ten  feet  wiper  beam,  is 
considered  tbe  most  eligible  standard  for  computing  the  water-power. 
Such  a  beam,  having  beetles  four  inches  long  and  three  inches  deep,  is 
equal  to  one  horse-power.  On  these  principles,  the  value  of  water-power 
may  be  ascertained  from  the  table,  sec.  8101. 

310p.  In  flour  milU,  the  power  neceyary  to  drive  the  machinery  night 
sod  day  for  the  year  round,  has  been  oretermined  as  follows : 

Tbe  grinding  portion,  or  flour  millstones,  have  been  considered  to  re- 
qoire,  for  each  pair,  four  horses*  power.  The  flour  dressing  machine  of 
ordinary  kind,  together  with  the  screens,  sifters,  etc.,  or  cleansing  ma- 
ohinery,  require,  on  an  average,  four  horses-power.  Some  machines,  how- 
ever, from  their  size  and  feed  with  which  they  are  supplied,  will  require 
more  or  less  than  four  horses-power,  and  should  be  noted  by  the  valuator. 

Every  dressing,  screening  and  cleansing  machine  is  equal  to  one  pair 
of  stones. 

(Note. — In  Chicago,  ten  horses  power  is  estimated  for  one  pair  of 
stones,  together  with  all  tbe  elevating  and  cleansing  machinery. — m.  m'd.) 

The  foUowiDg  table  has  been  made  for  one  pair  of  millstones,  four  feet 
four  inches  diameter,  for  one  year :  '    * 


QttUitT 

1                     .^M 

Number  of  Working  Hours  per  Day. 

Of 

Mtthfaie. 

8. 

10. 

12. 

14. 

16. 

18. 

20.      j      22. 

1 

r    ■ 

£    9.  <!.'.€    *.   </. 

£    «.   d. 

£    g.  d. 

£    g.  d. 

• 

£    «.  r/ 1£    f.   d. 

Sew,  A     . 

2  18  0 

3  14  0 

4  13  { 

•3     7  0 

o  16  0 

6     3  06  12  0 

7      0  0 

Medium,  B 

2     8  0 

3     7  0 

4     4  0 

4  17  0 

5    4  0 

5  11  015-  18  0 

6     6  0 

01d,C      . 

2     2  0 

a   0  0 

3  15  0 

4     6  0 

4  18  0 

4  19  0'5     6  0 

1 

5  12  0 
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If  more  than  one  pair  of  xnilUtones  be  used  in  the  mill,  multiply  the 
aboTO  by  the  number  of  pairs  usually  worked,  and  if  they  are  more  or 
less  than  fonr  feet  four  inches  in  diameter,  make  a  proportional  increase 
or  decrease. 

In  flour  mills,  the  Talnator  will  state  the  kind  of  stones,  how  many 
French  burrs,  their  diameter,  the  number  worked  at  one  time,  the  num- 
ber of  months  they  are  worked,  the  number  of  months  that  there  is  a  good 
supply,  a  moderate  one,  and  a  scarcity  of  supply. 

VOBM  VOB  FLOUB  MILU.— No.  1. 


Description  of  Mill,.. 
Class  of  Maohioery,. 


.Flour  MUL 
A. 


Working  Time. 


No.  of 
Months 
perTear. 


4 
2 
1 


6 
8 
8 


Naof 

Hoon 

per  Day. 


22 
16 
10 


Only  used  when  one 
or  two  pairs  of  stones 
are  thrown  out. 


Value  of 
Water-power. 


£     s.  d. 

14     0  0 

2  18  0 

0  18  0 


17  16    0 


Olwmi  iitloiia. 


In  this  mill  there  are  five 
pairs  of  stones,  one  pair  al- 
ways up,  being  dressed ;  ma- 
chine and  screens  and  sifters 
only  used  when  one  or  two 
pairs  of  stones  are  stopped, 
and  not  worked  in  summer, 
except  one  or  two  days  in  the 
week.  Two  sets  of  eleyators 
used  along  with  the  millstones. 


No.  2. 


Description  of  Mill, Flour  Mill. 

Class  of  Machinery, B. 


?* 


»  d  • 

tig 


2 
1 
1 


Working  Time. 


No.  of 
Months 
perYear 


4 

1 
8 

m 

O 


No.  Of 

Iloure 

per  Buy. 


22 

22 

9 

22 


Value  of 
Wat^power. 


£  $.  d. 

4  4  0 

0  11  0 

0  14  0 

2  13  0 

8  2  0 


ObeermUona.- 


In  this  mill  there  are  three 
pairs  of  stones  —  one  pair 
generally  up,  two  driven  for 
four  months  along  with  ma- 
chines, screens  and  sifters, 
and  one  for  one  month  with 
them  also;  during  three 
months  the  machines  and  one 
pair  of  millstones  must  be 
worked  alternate  days,  and 
during  the  other  four  months 
there  is  no  work  done.  One 
set  of  elevators  used  along 
with  the  millstones. 


SlQq.  In  oatmeal  rniUt,  one  pair  of  grinding  stones  require  three  horses- 
power  ;  one  pair  of  shelling  stones,  fans  and  sifters,  require  two  horses- 
power.     Elevator  is  taken  at  one-eighth  of  the  power  of  the  stones. 

The  following  table,  for  one  pair  of  millstones  for  one  year,  is  to  be 
used  as  the  table  for  flour  mills : 
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QnaHly 
of 
Madtinerj.  i 


Nmaber  of  Working  Hours  per  Bay. 


New,  A 

Medium,  B. 


01d.C. 


£  «.    d 

2  0  0 

1  16  0 

1  12  0 


10 


£   «.   d. 
2  16  0 

2  10  0 


12 


£   «.  d 
8  10  0 

3     3  0 


2    6  02  16  0 


14 

16 

£   t.   d. 

£    «.   d. 

4     0  0 

4    6  0 

8  IS  0 

8  18  0 

8    4  0 

3  10  0 

18 


£   t.  d. 


20 


£   «.   d. 


4  12  04  19  0 
4    8  04    9  0 


8  14  03  19  0 


22 


£   i,  d. 

5    5  0 

4  15  0 
4    4  0 


31  Or.  In  corn  mills,  ascertain  the  number  of  pairs  of  grinding  and 
shelliug  millstones  and  other  machinery,  and  note  the  time  each  is 
vorked.  Where  there  are  two  pairs — one  of  wLich  is  used  for  grinding 
aad  the  other  for  shelling ;  if  there  be  fans  and  sifters,  the  shelling  and 
sifters  is  =  to  two  horses'  power  ^  two-thirds  of  a  pair  of  grinding 
•tones.  Where  one  pair  is  used  to  shell  and  grind  alternately,  it  is 
reckoned  at  three-fourths  pair  of  grinding  stones,  unless  the  fans  and 
sifters  be  used  at  the  same  time.  In  this  case  they  will  be  counted  as 
seren-eighths  pair  of  stones.  Where  there  are  two  pairs  of  grinding, 
with  one  pair  of  shelling  with  fans  and  sifters,  the  water  power  is  equal 
to  two  and  two-thirds  pairs  of  millstones ;  but  if  one  pair  is  idle,  then  the 
power  =  one  and  two-thirds  pairs  of  grinding  millstones,  etc. 


« 

FOBM  No.  1. 

Dpsurtiitiuu  of  Mill Corn  T^l'^l-                       1 

Class  of  Machinery A. 

MiUstunes,              ,^  ^ 
Sa  of  Fairs  Worked.,    1^:5  « 

Working  Time. 

Value  of 
Water-power. 

ObservatioDS. 

Orindrg 

Shelling 

Urmdi*g,i.£g 
and    .3^2 
ShelHnei^a 

No.  of 

Months 

perYear. 

No.  of 

Hours 

per  Day. 

2 
1 

1 

1 

— 

2} 
13 

8 

4 

22 
12 

AddV^ 
for    Kle- 
▼ators, . 

£     «.     d. 
9     6     0 
1  19    0 

In  this  mill  there  are 
three  pnirs  of  stdnes. 
with  olerators,  fiins, 
and  sifters.     Horse- 
power for  8  months 
equal  to  8.   or  2^ 
irriudlug  »itonf s;  and 
for  4  months  5  horsf* 
power,  or  1%  grind- 
ing stones. 

11    5    0 
1     8    0 

12  13    0 

FOBM  No.  2. 


Ofiadi'g 


Description  of  Mill, Corn  Mill. 

Class  of  Machinery,....   B. 


Uflltftones, 
Ko  of  Pairs  Wc^ked. 


2  o  _• 


9i;dling 


1 
1 


Sbellini;  5*1°°  fwrYear 


1 
1 


Working  Time. 


ttriucil'g  »£  S    -No.  of  I  Xo.  of 
and    ['H'^tI!  Months    Hours 


1* 


6 
8 


per  Day. 


16 
7 


Talue  of 
Water-power. 


£     «.     d. 

2   18    6 
0  12    0 


Obserrations. 


In  this  mill  there 
are  two  pairs  of 
stones,  but  no 
fans,  sifters,  or 
elevators. 


11 
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Description  of  Mill, ^ Corn  Mill. 

Class  of  Machinery C. 

MlilKtonea, 
"fto.  of  Piilni  Worked. 

Hi 

Working  Time. 

Valaeof 
Watei^ 
power. 

ObMrratioiu.  ' 

Qrindlg 

Urindi'g 
Sbelllnci     and 
iSbelllne 

No.  of 
Monthfl 
p«>rYear 

No.  of 

Hours 

per  Day. 

In  this  mill  there  are 

£      t. 

two  pairs  of  stones. 

- 

- 

1 

i 

4 

16 

1    0 

only  one  pair  can  be 
worked   at  a  time: 

1 

i 

4 

8 

0    9 

• 

tberp   are  fans  and 
sifters  in  nse.  hot  no 
elevators.    This  mill 
works  merely  for  the 
supply  of  the  nei((h 
borhood,  and  is  dis- 
tant four  miles  from 
a  market  town. 

When  there  are  two  or  more  mills  in  a  district,  compare  the  valae  of 
one  with  the  other. 

Three  stocks  in  a  flax  mill  is  equal  to  the  power  necessary  to  work  m 
pair  of  millstones  in  a  corn  mill.  Note  the  quantity  ground  annually  aa 
ft  further  check,  for  it  has  been  ascertained  that  a  bushel  of  corn  requires 
ft  force  of  81,500  lbs.  to  grind,  the  stones  being  about  5  feet  in  diameter, 
ftnd  making  95  reyolutions  per  minute. 

810«.  In  fine,  it  should  be  borne  in  mind,  that  for  each  separate  tene- 
ment a  similar  conclusion  is  ultimately  to  be  arrived  at,  vii.,  that  the 
Tftlue  of  land,  buildings,  etc.,  as  the  case  may  be,  when  set  forth  in  the 
column  for  totals,  is  the  rent  which  a  liberal  landlord  would  obtiun  fk*om 
ft  solvent  tenant  for  a  term  of  years,  {ratet,  iaxety  etc,  being  paid  by  th§ 
tenant;)  and  that  this  rent  has  been  so  adjusted  with  reference  to  those 
of  surrounding  tenements  that  the  assessment  of  rates  may  be  borne 
equably  and  relatively  by  nil. 

The  valuator,  therefore,  should  endeavor  to  carry  out  fairly  the  spirit 
of  the  foregoing  instructions,  which  have  been  arranged  with  a  Tiew  td 
promote  similarity  of  system  in  cases  which  require  similarity  of  judgmtot. 

As  it  may  appear  difficult  to  apply  Griffith's  System  of  Valuation  to 
American  cities,  on  account  of  the  number  of  Arame  or  wooden  bfiildings, 
we  give  a  table  at  p.  72b53,  showing  the  comparative  value  of  frame  and 
brick  houses.  All  the  surveyors  and  land  agents,  to  whom  we  haye  shown 
and  explained  this  system  of  valuation,  have  approved  of  it,  and  expressed 
a  hope  of  seeing  such  a  system  take  the  place  of  the  present  hit  or  misi 
valuation!!,  too  often  made  by  men  who  are  unskilled  in  the  first  rodl- 
meots  of  surveying. and  architecture. 
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TABLES 


TOB  ASOB&TAiniKO  TBI 


ANNUAL  VALUE  OF  HOUSES  IN  THE  COUNTRY. 


(310r.)  I.— SLATED   HOUSES, 

WALLS  BUILT  WITH  8T0BE,  OB  BBICK,  AKD  LIHK  HORTAB. 


Hd^L 

A 

+ 

A 

A — 

B 

+ 

B 

- 

0+ 

0 

0 — 

fLIsdi 
6  0 
8 

6 
9 

M. 

0 
0 
0 
0 

d. 

5} 

«.  d. 
0  6 
0  5J 
0  6^ 

0  5J 

«.  d. 

0  4} 
0  4} 
0  5 
0  5 

0 
0 
0 
0 

d 

4J 
4i 

0 
0 
0 
0 

d 

^ 

4 
4 

4.1 

«.  d. 

0    Bi 
0  8i 
0  3i 
0  8: 

8,     d. 
0  8 
0  8} 
0  8} 

0  b] 

d 

2} 
2i 
2i 
2i 

d. 

n 

n 

7  0 
3 
6 
9 

0 
0 
0 
0 

6f 

0  63 

0  6 
0  6\ 
0  6i 

0  6} 

0  6a 
0  6} 
0  6 

0 
0 
0 
0 

m 

4} 
6 
6 
6} 

0 
0 
0 
0 

41 
4| 

0  4 
0  4 
0  4] 
0  4} 

0  85 

0  Bi 
0  8J 
0  8} 

^ 

8 

• 

• 

li 

80 
8 
6 
9 

0 
0 
0 
0 

7J 
7i 

0  6;i 
0  63 
0  6| 
0  7 

0  6 
0  6j 
0  6] 
0  ^ 

0 
0 
0 
0 

6} 
6J 
6} 
6 

0 
0 
0 
0 

5 
6 

0  4} 
0  4} 

0  4I 

0  4} 

0  4 
0  4 
0  4 
0  4J 

8 
8* 

I1 ' 
1^ 
I''  • 

9  0 

•3 

6 

9 

0 
0 
0 
0 

**4 

8 
81 

0  7J 

0  7i 
0    7i 
0  7i 

0  6J 
0  6J 
0  7 
0  7} 

0 
0 
0 
0 

6 

0 
0 
0 
0 

6; 

6; 
6 

0  5 
0  6 
0  6i 
0  5} 

0  4j 
0  4A 
0  4} 
0  4} 

M 

3} 

.  Bi 

1 '  ■ 

*  4 

I'  ■ 

*\ 

1 '  • 
4 

4 

10  0 
8 
6 
9 

0 
0 
0 
0 

8} 
8) 

9 

0  8 
0  8 
0  8] 
0  8} 

0  7} 
0  7i 
0  7i 
0  7} 

0 
0 
0 
0 

^ 

6^ 
7} 

0 
0 
0 
0 

6 
6} 
6J 
H 

0  6} 
0  5} 
0  5} 
0  6} 

0  6 
0  6 
0  6 
0  6} 

Bi 

Bi 

8} 

2 

2 

11  0 
3 
6 
9 

0 
0 
0 
0 

95 

0  83 
0  8^ 
0  9 
0  9} 

0  8 
0  8 
0  8] 
0  8^ 

0 
0 
0 
0 

7i 
7} 

1 

0 
0 
0 
0 

6i 

• 

0  6 
0  6 
0  6J 
0  6} 

0  5} 
0  6} 
0  5} 
0  6} 

4 
4 
4 
4 

2 
2 
2 
2 

12  0 
6 

13  0 
6 

0  10 
0  lOJ 
0  10} 
0  11 

0  9J 
0  9} 
0  10 
0  10} 

0  SI 
0  8} 
0  9 
0  91 

0 
0 
0 
0 

8i 

8} 

0 
0 
0 
0 

7} 
7 

7! 

7| 

0  6} 
0  6j 
0  6} 
0  7 

0  6} 
0  6 
0  6} 
0  6} 

4} 
4} 

4| 

2 

2} 
2} 
2} 

14  0 
6 

15  0 

e 

0 
0 

1 

1 

iij 
0 

0  10} 
0  lOf 
0  11 
0  11} 

0  9? 
0  10 
0  lOJ 
0  lOJ 

0 
0 
0 
0 

9 
9} 

0 
0 
0 
0 

8 

8} 
8 

8i 

0  7} 
0  7} 
0  7} 
0  8 

0  6j 
0  6i 
0  6| 
0  7 

^5* 

6 
61 

^ 
^ 

2| 

16  0 
6 

17  0 
6 

1 
1 
1 
1 

ii 

0  Hi 

0  11} 

1  0 
1  0} 

0  10} 
0  11 
0  11} 
0  llj 

0  10 
0  10} 
0  lOJ 
0  lOi 

0 
0 
0 
0 

9 
9} 

0  8 
0  8} 
0  8i 
0  8t 

0  7} 
0  7} 
0  7 
0  7i 

'A 

6} 

2} 

\ 

I.-^LATED    HOUSES, 


WALLS   BUILT  WITH   BTOVI,   OB   BBICK,   ABD   LIMB 


Udght 


Ft  Inch 

18  0 
6 

19  0 
6 

20  0 
6 

21  6 
6 

"22  0 

6 

28  0 

6 

24  0 
6 

25  0 

6 

26  0 
6 

27  0 
6 

28  0 
6 

29  0 
6 

80  0 
6 

81  0 
6 

82  0 
6 

88  0 
6 

84  0 
6 

85  0 
6 

86  0 
6 

87  0 
6 

88  0 
6 

89  0 
6 

40  0 
6 


A+ 


d, 

2 
2 

2J 
2A 

2J 
8 

^ 

8J 

8i 
4 

^ 

5 
5 

H 


9 
9 
9 
9 


d 
OJ 
1 

U 

n 

2 

21 

21 

2} 
8 

81 
Si 

8} 

4i 

41 

4i 

5 

5 
6* 

6i 

5} 

H 

H 
6 


61 

6 
6 


} 


c 

6 

6} 

T 

7 
7 

n 

It 

i 


«.  tf 

0  11} 
0 

i 

1 
U 

u 

IJ 

.2 
21 

21 

2{ 

»} 
8 

8 

81 
81 
8^ 

8f 
4 

4 
4} 

4i 
4i 
4J 
4i 

^5* 
6 
6 

ej 

51 
61 

Si 

5} 

6} 

6 
6 
6J 

61 
61 


«+ 


#.  d. 
0  lUJ 
0  11 
0  11} 
0  Hi 

0  nj 

0  llj 
0 

Oi 
OJ 

0.1 
0| 

1 
1 

u 


B 


2 
2 

2i 
2i 

21 

24 

2| 
2| 

8 
8 

81 
81 

^ 
8) 

8J 
8f 


4 
4 

4 
4 

41 
41 

41 

4i 


J} 


0  10 
0  10 
0  10} 
0  10^ 


$.  d. 

0  9 

0  9 

0  9} 

0  91^ 


9  10}  0  9} 

0  U|  0  9} 

0  11  0  10 

0  111  0  10 


0  llj 

0  u] 

0  llj 
0  llj 


0 
0 

01 
Oi 

o» 

-§* 

1 

u 

H 

u 
n 

1, 

ij 

1; 
2 

2 
2 

21 
21 

21 

2i 

2* 

2j 

2* 
2i 

2it 
2} 

2} 
8 

8 

8 

8 
8 


c+ 


9.  d. 

0  7J 

0  8 

0  8} 

0  ^ 

0  8} 

0  8i 

0  8} 

0  9 


0  lOJ  0  9 
0  lOi  0  9 


0  10^ 
0  lOJ 

0  11 
0  llj 

0  11} 
0  111 

0  n 

0  11 

0  llf 

"  0 
0 
0 

Oi 
Oi 
Oi 
01 

Of 

0 

0 

1 

1 
1 
1 

H 
U 

n 
n 

1 
1 
1 

1} 
11 


0 
0 


0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 


0  91 
0  91 


0 
0 

OJ 
Oi 

OJ 

9i 


Of 

1 

1 

u 

H 
H 

^ 

II 

If 

l! 

li 


1  0 

1  0 

1  0 

1  0 

1  0 

1  0 


d, 

6 
6 

6i 
6i 

6i 
61 
61 
61 

6f 

7 

n 

71 

I* 

7* 

TJ 
7| 

3 

? 

8 
8 


8} 

sl 

I* 

9 

9 

9 
9 
9 
9 

9 
9 


d. 

8» 

8 

I 

8 

8i 
8i 

8i 

3 

8f 


I! 


8f 
8| 
8| 

4 
4 

4 

• 

4 
4 
4 
4 

4 
4 

4* 
4* 

4t 

^ 

4J 

4J 
4J 
4i 
4J 

4J 
4i 

4i 
4J 

3 


72B4d 


immTu'B  STSTSJi  or  taluation. 


72b47 


(SlOw.)  IL—THATCHED    HOUSES, 

BUCK  OE  8T0NK   WALLS,    BUILT  WITH  LIME  KORTAB. 


\fUlghU 


Ft  Inch 

6  0 
3 
6 
9 

7  0 
8 
6 
9 


8  0 
8 
6 
9 


A+ 


41 

44 

44 
4} 

5 
5 

6} 
5} 
6 

6 

C4 

6} 
6| 

7 

^ 

74 

I' 

84 


9 

^ 

10 

m 
104 

10} 

11 

ii! 


A — 


d. 

H 
4 

4 

4J 

44 

jf 

6 

5 

5J 

5} 
5i 

5t 
5} 

5i 

C 

6J 
6i 
6i 
6i 

6} 
i± 

"3. 
**3 

8 

8| 
9 

94 

9} 

10 

10} 

104 

104 

10} 


B+ 


d. 

84 
8} 

^1 

4 

4 

4J 

44 
4;^ 

4i 

o 

o 

6}. 
6i 

5} 

^* 
6 

6J 
6* 
6J 
6i 

GJ 

7J 

7i 

71 
8 

8t 

8i 
8i 

8} 
9 

H 

H 

H 
10 


d. 
H 

8i 

8i 
3J 

8t 

4 

4i 
4i 

44 
44 

M 

41 
5 

5 

6J- 
64 


5 
6 
5 
6 


6 

04 
6} 

7i 

7i 

8 

8i 
s\ 

9 


B — 


d. 
2f 

I' 
8 

8J 
H 

H 
H 

2* 

8» 

8} 
4 

4 

4 

4 

*i 

4} 

41 

4I 

4| 

5 
6 

5} 

n 

6 
6 

6t 

61 
fij 

6i 

6i 
7 

?;: 

7i. 


0+ 


21 

21 
2J 

2} 

8 
H 

^ 

8J 
31 


at 

8| 

8i 


4 
4 
4 

4i 

4} 
41 
41 
41 

4i 

4i 
6 

6 

Si 

64 

6} 

6 

6 

64 

or 

6| 
61 


1; 

1: 

1 

n 

2 
2 
2 
2 

2 

21 
2J 
2i 

2} 
2t 
24 


c — 


d. 


3}  1^  24 


24 

24 

24 
2} 

2f 

P 

3 

81 
8t 
81 

81 
81 
81 

P 

4 
4 


2 
2 

2 
2 
2 
2 

21 
2t 
2t 
24 

24 
24 
24 
24 

2; 
2| 

2i 

2^ 

8 
3 
8 

84 
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(810a:.) 


III.— THATCHED    HODSBB, 


rUDDLI   MOKTAE  WALLS, — DBT  WALLS,    POIKTKD, — KUD  WALLS  OF   A   GOOD 

'  KIND. 


Height. 

• 
A+ 

A 

A — 

B 

B — 

c+ 

0 

c — 

FLInch. 

d. 

d. 

d. 

d. 

d. 

d. 

d. 

6  0 

— 

— 

8 

2} 

2} 

n 

2 

n 

} 

3 

— 

— 

8} 

8 

2i 

2i 

2 

H 

} 

6 

— 

- 

n 

3 

2:- 

2i 

2 

n 

f 

9 

— 

H 

8J 

8 

2i 

2 

n 

1 

7  0 

_ 

8} 

'  H 

8 

2^ 

2i 

1 

8 

— 

— 

H 

8 

8J 

2| 

2t 

r 

f 

G 

— 

— 

8J 

8 

8J 

2| 

2i 

i: 

9 

— 

— 

H 

3; 

8J 

21 

2t 

1^ 

8  0 

t 

•  . 

4 

8f 

8i 

8 

2| 

1\ 

, 

8 

— 

- 

4 

H 

8| 

3 

2) 

1 

■ 

-  6 

— 

4i 

4 

8| 

3} 

^ 

4 

9 

- 

4i 

4 

4 

8i 

8i 

2i 

2 

9  0 

_ 

. 

H 

4 

8i 

8} 

2f 

2 

3 

— 

— 

4} 

4 

^ 

2| 

2 

6 

— 

— 

*l 

4} 

4 

8} 

2| 

2 

9 

— 

— 

4 

^ 

4 

8J 

2ii 

2     1} 

10  0 

.^ 

~ 

4} 

4} 

4} 

'^1 

3 

2 

11 

3 

— 

- 

5 

4} 

4} 

3: 

3 

2t 

H 

6 

— 

— 

6 

4| 

4^ 

8} 

8 

2} 

11 

9 

A 

e} 

4f 

4} 

81 

81 

21 

11 

11  0 

_ 

5} 

5 

4} 

4 

^ 

21 

U 

8 

— 

— 

Oi 

6 

4| 

4 

H 

21 

31 

6 

- 

5i 

^i 

5 

4 

3} 

2i 

U 

9 

— 

— 

6i 

6J 

5  ■ 

4 

H 

2i 

11 

12  0 

— 

_ 

6f 

6} 

5} 

4^ 

8} 

2} 

1* 

6 

— 

— 

6 

**  1 

1 

6t 

4} 

3} 

2^ 

n 

13  0 

- 

— 

6 

5} 

6^ 

4i 

3| 

2} 

H 

6 

— 

— 

6i 

6 

H 

4} 

H 

21 

n 

14  0 

_ 

— 

0} 

6 

5i 

4i 

4 

2J 

u 

0 

— 

— 

di 

n 

6 

6 

4 

2} 

u 

15  0 

— 

— 

6| 

n 

6 

5 

4i 

3 

ll 

6 

— 

— 

7 

6J 

6} 

5i 

4t 

8 

1} 

16  0 

— 

~ 

7J 

6J 

6t 

5J 

4} 

8 

ll 

6 

— 

— 

7i  . 

«} 

^J 

5| 

4i^ 

3} 

ll 

17  0 

— 

— 

7* 

7 

6| 

5| 

4| 

81 

2 

6 

— 

- 

7| 

u 

6| 

5i 

4|. 

31 

2 

18  0 

— 

__ 

~i 

7} 

7 

6 

5 

8} 

6 

— 

~ 

8 

7  J 

7 

6 

5 

3^ 

o 

19  0 

— 

— 

H 

7J 

7t 

61 

5* 

si 

2 

G 

- 

- 

H 

7* 

7t 

61 

5} 

^ 

2 

20  0 

^ 

"" 

8J 

8 

7J 

Ci 

5i 

8i 

2 
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«10r.  IV.—BASEMENT  STORIES, 

OF  DWELLING  BOUSES,   OB  CELLAB8,   USED   AS  DWBLLI1IQ8. 


Udgbt. 

1 

Ftlneb 

A+ 

A 

A — 

d. 

B+ 

B 

B — 

0+ 

■ 

0 

0 — 

d. 

d. 

(/. 

<?. 

d. 

rf. 

d. 

60 

03. 
-4 

2h 

2} 

2.1  • 

2 

n 

n 

H 

1 , 

3 

21 

'4 

2} 

2i 

2 

H 

n 

U 

i . 

6 

3 

2J 

21^ 

2i 

2J 

2' 

^ 

H 

A 

1 1 

0 

3 

8 

2i 

2} 

21 

2 

n 

U 

1 

70 

3} 

3 

2} 

2i 

2J 

2 

n 

H 

1 

3 

3} 

3 

8 

2} 

2i 

2.t 

2 

1} 

1 

6 

3.1 

8} 

8 

2} 

^ 

2i 

2 

^1 

1 

9 

8} 

3i 

3 

21^ 

2i 

2t 

2 

IJ 

1 

80 

8| 

8} 

3} 

«^ 

2}  . 

2i 

21 

1} 

1 

8 

8| 

8} 

3} 

3 

2} 

^ 

21 

1} 

1 

6 

4 

3| 

^ 

3 

2i 

^ 

2| 

If 

U 

9 

4 

3i 

H 

31 

3 

2| 

2| 

^ 

n 

90 

H 

4 

2} 

3i 

3 

2| 

2} 

11 

n 

8 

^i 

4 

3i 

8J 

3 

2| 

2i 
2| 

li 

n 

6 

4k 

4J 

3} 

n 

3i 

2i 

2 

H 

9 

^ 

4i 

4 

H 

H 

8 

2| 

2 

H 

10  0 

4I 

4i 

4 

8} 

H 

8 

2} 

2 

It 
ij 

8 

'^1 

M 

4 

•8} 

H 

8 

2: 

2 

6 

6 

^ 

^ 

3i 

3.  ^ 

8i 

2; 

2 

H 

9 

5 

^ 

H 

4 

Sir 

81 

2i- 

2} 

n 

40 

11  0 

5 

41 

4J 

4 

3: 

H 

8 

21 

u 

Where  honsee  are  built  of  wood,  as  in  America,  we  deduct  10  per  cent, 
from  the  Talue  of  a  brick  house  of  the  same  size  and  location,  where  the 
winters  are  cold.  In  the  Southern  States,  where  the  winters  are  warm, 
we  deduct  20  per  cent,  from  the  value  of  a  brick  house  similarly  situated. 
WeTalae  a  fint-class  frame  or  wooden  house  iis  if  it  was  built  of  brick, 
and  then  make  the  above  deductions,  or  thai  iphich  local  modifying  circum- 
f^mca  mUpomt  out,  such  as  climate,  scarcity  of  timber,  brick,  lime,  etc. 
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•BirrXTH*!!  BTBTSM   OF  TALUATlOai. 


OFFICES. 

Th«  rate  per  sqaftr*  for  offices  of  the  I.,  II.,  III.  and  IV.  CliBses,  is 
half  that  supplied  id  the  foregoing  Tables ;  Offices  of  the  V.  Class  hare 
the  rate  per  square  as  follows : 


SlOs. 


v.— OFFICES  THATCHED, 


WITH  DBT  STONK  WALLS. 


6  0 
3 

6 
9 

7  0 
8 
6 
9 

8  0 
8 
6 
9 

9  0 
8 
6 
9 

10  0 
6 

11  0 
6 

12  0 
6 

13  0 
6 

14  0 
6 

16  0 


A — 


d. 

^ 

H 
H 

i| 

2 

2 
2 
2 

2i 

2i 
2i 
2i 
2i 

^ 
^ 
2J 
2} 


2} 
2} 

3 
3 

^ 

i 


B- 


d. 

n 

H 

^ 

n 
^ 

n 

2 

2 
2 
2 

2i 
2i 

^ 


I 
1 

u 

H 
H 

H 

li 
li 
U 
1} 

l| 

n 

2 

2 
2 
2 
2 

2 

2i 
21 
2t 


2} 

2i 

3 

2. 

8 

% 

3 

2| 

^ 

2} 

H 

8 

8t 

3 

B  — 


d. 


2 

2 

2 
o 

2 

2J 
2i 
2i 

2i 

i 


c+ 


i 
i 

\ 
I 

i 
J 


} 


2 
2 
2 


d. 


\ 


d. 

\ 
k 
i 
i 

* 

h 
\ 

\ 
i 
i 
i 

i 
i 


i 


i 


I 
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SIOa. 


HOUSES  IN  TOWNS. 


TABLES  for  ascertainiDg,  by  inspeotioo,  the  relatWe  T&Iue  of  %nj  por- 
tioD  of  a  Building  (nine  sqaare  feet,  or  one  yard,)  and  of  any  height, 
from  I  to  y  stories. 


SIGNIFICATION  OP  THE  LETTERS. 

r  A-{-  Built  or  ornamented  with  cut  stone,  of  superior  soliditj  and 
I  finish. 


IST 

Class. 


A   '  Very  substantial  building  and  finish,  without  cut  stone 

ornament. 
A —  Ordinary  building  and  finish,  or  either  of  the  abere,  when 
built  25  or  30  years. 
2         f  B-{-  Medium,  in  sound  order,  and  in  good  repair. 
Class  1  ®      Medium,  slightly  decayed,  but  in  repair. 

'  (  B —  Ihledium,  deteriorated  by  age,  and  not  in  good  repair. 
C-j-  Old,  but  in  repair. 


3rd    f  ^"^  ^*^»  °^^  '"  repair. 
CxAm     \^      Old,  and  out  of  repiur. 
\.LA88.  ^  ^__  ^^j j^  ^^^  dilapidated— 


scarcely  habitable. 


TABLE  PRICES  FOR  HOUSES,  AS  DWELLINGS,  SLATED. 

FIBST 

CLASS. 

SECOND  CLASS. 

THIRD 

CLASS. 

Stories 

t 
1 

A+ 

A 

A — 

B-f 

B 

D — 

0-f 

0 

c — 

f 
1 

«.     d. 

«.      d. 

«.       d 

t.     d 

«.     d. 

9.    d. 

«.    d 

9. 

d. 

9.    d 

I 

\     6 

1     6 

1     4 

1     2 

1     0 

0  10 

0    8 

0 

6 

0    4 

n 

2    6 

2    4 

2    2 
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1     9 

1     6 

1     3 

1 

0 

0    8 

III 

3    0 

2  10 

2    8 

2    6 

2     3 

2    0 

1     9 

1 

4 

0  10 

IV 

3    4 

3    3 

8    0 

2    9 

2    6 

2    4 

2    0 

1 

7 

1     0 

V 

3    7 

8    6 

3     8 

2    9 

2    9 

2    6 

2    2 

1 

9 

1     1 

BASEMENTS  AS  DWELLING 

S. 

0  10 

0    9 

0    8 

0    7 

0    6 

0    5 

0    4 

0 

3 

0    2 

TABLE  PRICES  FOR  OFFICES,  SL 

ATED. 

FlBST 

CLASS. 

SECOND   CLASS. 

THl 

[RD 

CLA 

lSS. 

Stories 

A  + 

A 

A — 

B+ 

B 

B — 

0  + 

0 

c — 

4.    d. 

#.     d. 

i,    d 

8.   d. 

i,    d. 

9.     d 

9.     d 

9.     d 

9, 

d. 

9.     d 

I 

0    9 

0    8} 

0    8 

0     7 

0    6 

0    5 

0     4 

0 

3 

0    2 

11 

1     8 

1     2 

1     1 

1    ^ 

0  10 

0    8 

0    6 

0 

5 

0    4 

III 

1     6 

1     5 

1     4 

1     3 

1     0 

0  10 

0    8 

0 

6 

0    6 

IV 

1     6 

1     7 

1     6 

1     4 

1     2 

1    0 

0    9 

0 

7 

0    5i 

V 

1     9 

1     8 

1     7 

1     6 

1     4 

1     1 

0  10 

0 

8 

0    6 

CELLARS  AS  OFFICES. 

0    6 

0    5 

0    5 

0    4 

0    8i 

0    8 

0    2 

0 

IJ 

0    1 
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OEOLOGIGAL  FORMATION  OF  THB  EARTH. 

810b.  Xoeksj  original! j  horizonUil,  are  now,  bj  sabsequent  changes, 
inclined  to  the  horizon  :  some  are  found  contorted  and  Tertical ; 
often  inclined  both  ways  from  a  summit,  and  forming  basins,  which  God 
has  ordained  to  be  great  reservoirs  for  water,  coal  and  oil,  from  which  man 
draws  w  iter  by  anesian  wells,  to  fertilize  the  sandy  soil  of  Algiers,  and  to 
supply  him  with  fuel  and  light,  on  the  almost  woodless  prairies  of  lUinoia. 

UnstraUti'd  rorks,  are  Ibose  which  do  not  lie  in  beds,  as  granite. 

Stratified  rocks^  be  in  bed-j,  as  limestones,  etc. 

Dykesy  are  where  fissures  in  the  rocks  are  filled  with  igneous  rocks, 
such  as  lava,  trap  rocks.  Dykes  seldom  hare  branches;  they  cross  one 
anoihe".  and  are  sometimes  several  yards  wide,  and  extend  from  sixty 
to  seventy  miles  in  England  and  Ireland. 

Veins,  feeders  or  lodes,  are  fissures  in  the  rocks,  and  are  of  Tarious 
thicknesses;  are  parallel  to  one  another  in  alternate  bands,  or,  cross 
one  another  as  net  work. 

Metallic  veins,  are  principally  found  in  the  primary  rocks  in  parallel 
bands,  and  seldom  isolated,  as  several  veins  or  lodes  are  in  the  same 
locality.  Those  lodes  or  veins  which  intersect  others,  contain  a  different 
minertil. 

Oant/ue  or  matrix,  is  the  stony  mineral  which  separates  the  metal  from 
the  adjot  aiDg  rock. 

Meialiic  indications,  are  the  gangue  and  numerous  cavities  in  the  ground, 
or  holes  on  the  suface,  corresponding  to  those  formed  underneath  by 
the  action  of  the  water. 

The  crust  of  the  earth,  is  supposed  to  be  four  and  one-fourth  miles,  loid 
arranged  as  follows  by  Regaault  and  others : 

ronMt*B  Group. 

!1.  I4ite  Vegetable  soil. 

Formation.    Alluvial  deposits  filling  estuaries. 

0       II.    Upper  Tcrtia-  Modern  volcanoes,  both  extinct  and  burning. 

o  ry  or  rUocene  S-  ata  of  uncient  sand,  alluvium. 

^  and  Miuc'eue.  Loulaers,  diift,  tufii,  containing  fossil  bones. 

a 

o      III<  lliiMIe        Fre>hwnter  limestones,  bun^tones,  sometimes  contain- 

f»i  Tenia);'.  inj;  li^uitei).  Sandstone  of  FontaiuUleas. 

M      IV.  T.'>\rcr        Marls  tiith  grp«um,  fossils  of  the  mammifeis. 

"C  TeHiHi/.      Coai-se  limestone. 

^  '«  riastic  cluy  with  lignite. 

'       y.  Upper        £xten$iivo  limestone  stratum  called  chalk,  with  inteipoe- 

^  Cretaceons.  ing  layers  of  silcx. 

•»•      YI.  Lower        Tafiiceoaschaikon'ouraine  Rand,  or  sandstone,  generally 

«  Cretaceous.  green.  Feruginous  sands. 

•^     Yir.      Oolitic  or 

o  Jura^ic   and 

Pm  Lias.  til  is  group^is  termed  Oolite,  and  the  other,  Lias. 


Calcareous  strata,   more  or  less  compact  and  marly« 
aUernaling  with  lavers  of  clay.    Tne  upper  strata  o^ 


^    YIII.         Trias.         Variegated  marls,  often  containing  masses  of  eypsum 
**  and  rock  salt.  Limestone  very  fosBiliierotts. 

*  Sandsi  one  of  various  colors. 

2  IX.      Sandstone.  Conglomerate  and  sandstone. 

%  X.         Vermian.  Limestone  mixed  with  slate. 

9  *'  Limestone  conglomerate  and  sandstone,  termed  the  new 

oQ.  **  red  sandstone. 

XI.    Carl>oniferoo8  Sandstone,  slates  with  seams  of  coal  and  carbonate  of 

iron,  (clay  iron  stone.) 
Carboniferous  or  mountain  limestone,  with  seams  of  coal. 

XH.      Devonian.     Heavy  beds  of  old  red  sandstone,  with  small  seams  of 

anthracite  (or  hard  coal.) 

XIII.      Silorian .      Limestone,  roofing  slate,  coarse  graiSed  sandstone  called 

greywacke. 

XIY .    Cambrian.     Compact  limestone,  aririllaceoos  shale  or  slate  rocks  hav« 

mg  often  a  crystalline  texture. 

Xy.       Primary      Granite  and  gneiss  forming  the  principal  base  of  the 
rooks.  interior  oftbe  globe,  aoceiaible  to  our  obeervatioaa. 


I 
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8IO0.  QuariZj  tiliea  or  silioio  acid,  is  of  TarioQS  forms,  color  and  traiis- 
jAieney,  and  is  generally  colorless,  but  often  reddish,  brownish,  yellow- 
ish and  black.  It  is  the  principal  constituent  in  flint,  sea  and  lake  shore 
graTel,  and  sandstones.  It  scratches  glass;  is  insoluble,  infusible, 
and  not  acted  on  by  acids.  If  fused  with  caustic  potasji  or  soda,  it  melts 
into  a  glass. 

VUreotu  quartz,  in  its  purest  state,  is  rock-crystal,  which  is  transparent 
and  colorless. 

Cakedonie  quarts,  resembles  rock-crystal,  but  if  calcined  it  becomes 
white.  It  is  more  tenacious  than  Titreous  quartz,  and  has  a  conchoidal 
ftractnre. 

Sand,  is  quartz  in  minute  grains,  generally  colored  reddish  or  yellow- 
ish brown,  by  oxyde  of  iron,  but  often  found  white. 

Sandstone,  is  where  the  grains  of  quartz  are  cemented  together  with 
calcareous,  siliceous  or  argillaceous  matter. 

Alumna.  Pure  alumina  is  rarely  found  in  naiure.  It  is  composed  of 
two  equiTalenis  of  the  metal  aluminum  and  three  of  oxygen,  and  is  often 
found  of  brilliant  colors  and  used  by  jewellers  as  precious  stones.  The 
sapphyre  is  blue,  the  ruby  is  red,  topaz  when  yellow,  emerald  when 
green,  amethyst  when  Tiolet,  and  adamantine  when  brown.  On  account 
of  its  hardness,  it  is  used  as  emery  in  polishing  precious  stones  and  glass. 
It  is  infusible  before  the  blowpipe  with  soda. 

PotOM^,  or  Potassa,  is  the  protoxide  of  the  metal  potassium,  and  when 
pure  =  K  O  or  one  equiTalent  of  each. 
Soda  =  No  0  =  protoxide  of  the  metal  sodium. 
Lime  =  Ca  0  =  protoxide  of  the  metal  calcium. 
Maputia  =  Mg  0  =  protoxide  of  the  metal  magnesium. 

Felspar,  is  widely  distributed  and  of  yarious  colors  and  crystallization. 
In  granite,  it  has  a  perfect  crystalline  structure.  As  the  base  of  por- 
phyries, it  is  compact,  of  a  close  even  texture.  In  granite  felspar,  the 
crystals  of  it  is  found  in  groups,  cavities  or  veins,  often  With  other  sub- 
stances.  In  porphyry,  the  crystals  are  embedded  separately,  as  in  a 
paste.  It  has  a  clear  edge  in  two  directions,  and  is  nearly  as  hard  as 
quartz.     It  is  composed  of  silica,  alumina  and  potash. 

Common  Felipar,  is  composed  of  silica,  alumina  and  potassa.  (See 
table  of  analysis  of  rocks.) 

AUfite — 9oda  felspar,  differs  from  felspar  in  having  about  eleven  per 
cent  of  soda  in  place  of  the  potash,  and  in  its  crystallization,  which  belongs 
to  the  sixth  series  of  solids,  the  three  cleavages  all  meeting  at  oblique 
angles;  yet  the  appearance  of  felspar  and  albite  are  very  similar,  and  dif- 
ficult to  distinguish  one  from  another.  Their  hardness  and  chemical 
eharactera  are  the  same  except  the  albite,  which  tinges  the  blowpipe- 
iaifte  yellow.  It  forms  the  basis  of  granite  in  many  countries :  especially 
in  Xorth  America,  and  is  characterized  by  its  almost  constant  whiteness. 

LaliradoriU,  a  kind  of  felspar,  contains  lime,  and  about  four  per  cent, 
of  soda.  It  reflects  brilliant  colors  in  certain  positions,  particularly  shades 
of  green  and  blue ;  but  its  general  color  is  dark  grey.  It  is  less  infusible 
than  felspar  or  albite,  and  may  be  dissolved  in  hydrochloric  acid.  It  is 
ahnndant  In  Labrador  and  the  State  of  New  Tork.  « 

Miea,  It  cleaves  into  very  thin  transparent,  tough,  elastic  plates, 
^eamonly  whitiab,  like  transparent  horn,  lometimes  brown  or  black.    II 
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18  princip&Uy  composed  of  silica  and  alumina,  combined  with  potana, 
lime,  magnesia,  or  oxyde  of  iron. 

Quartz  or  tUica,  has  no  cleafage — glassy  lustre. 

Felspar,  has  a  cleavage,  but  more  opaque  than  silica. 

Miedf  is  transparent  and  easily  cleaved. 

Oranite,  is  of  various  shades  and  colors,  and  composed  of  quarts,  (silica) 
felspar  and  mica.  It  forms  the  greater  portion  of  the  primary  rocks. 
In  the  common  granite,  the  felspar  is  lamellar  or  in  plates,  and  the  text- 
ure granular. 

Porphy  ritiCy  is  where  crystals  of  felspar  is  imbedded  in  fine  grained 
granite.     It  is  red,  green,  brownish  and  sometimes  graj. 

IlombUnde,  is  of  various  colors.  That  which  forms  a  part  of  ihm 
basalts  and  syenites,  is  of  a  dark  green  or  brownish  color.  It  does  not 
split  in  layers  like  mica  when  heated  in  the  flame  of  a  candle.  Its  color 
distinguishes  it  from  quartz  and  felspar.  It  has  no  cleavage,  and  is 
composed  of  silica,  lime,  magnesia  and  protoxide  of  iron. 

Augite,  is  nearly  the  same  as  hornblende,  bnt  is  more  compact  Wkea 
found  in  the  trap-rocks,  it  is  of  a  dark  green,  approaching  to  black. 

Ghieiat,  resembles  granite ;  the  mica  is  more  abundant,  and  arranged 
in  lines  producing  a  lamellar  or  schistose  appearance ;  the  felspar  also 
lamellar.  It  has  a  banded  appearance  on  the  face  of  fracture,  the  banda 
being  black  when  the  color  of  rock  is  dark  gray.  It  breaks  easily  into 
slabs  which  are  sometimes  used  for  flagging. 

Porphyritie  gneiss,  is  where  crystals  of  felspar  appear  in  the  rock,  bo 
as  to  give  it  a  spotted  appearance. 

Protogme,  is  where  talc  takes  the  place  of  mica  in  gneiss. 

Serpentine,  is  chiefly  found  with  the  older  stratified  rocks,  but  also 
found  in  the  secondary  and  trap-rocks.  It  is  mottled,  of  a  massire  green 
color,  intermixed  with  black,  and  sometimes  with  red  or  brown ;  has  a 
fine  grained  texture  lighter  than  hornblende ;  may  be  cut  with  a  knife, 
sometimes  in  a  brittle,  foliated  mass.  It  is  composed  of  about  silica  44, 
magnesia  43,  and  water  18.  Sometimes  protoxide  of  iron,  amounting  to 
ten  per  cent.,  replaces  the  same  amount  of  magnesia. 

Syenite,  resembles  granite,  excepting  that  hornblende,  which  takes  the 
place  of  mica.  It  is  not  so  cleavable  as  mica,  and  its  laminae  are  more 
brittle.  It  is  composed  of  felspar,  quartz  and  hornblende.  The  felspar 
is  lamellar  and  predominates.    There  are  various  kinds  of  syenites,  as  the 

Porphyritie,  where  large  crystals  of  felspar,  are  imbedded  in  fine 
grained  syenites. 

Granitoid,  is  where  small  quantities  of  mica  occur. 

Tale,  has  a  soft,  greasy  feeling,  often  in  foliated  plates,  like  mica,  bnl 
the  leaves  or  plates  are  not  elastic.  The  color  is  usually  pale  green, 
sometimes  greenish  white,  translucent,  and  in  slaty  mases.  The  last 
description  from  the  township  of  Patton  in  Canada,  and  analyzed  by  Br. 
Hunt,  for  Sir  William  Logan,  Director  of  the  Qeologioal  Survey  of  Canada, 
gives  in  the  report  for  1853  to  1856,  the  following: 

Silica,  59.60;  magnesia,  29.15;  protoxide  of  iron,  4.5;  oxyde  of 
nickel,  traces;  alumina,  0.40;  and  loss  by  ignition,  4.40;  total  =  97.95. 

A  soft  siherj^whiu  taleose  schist  from  the  same  township,  gsTe  siUea, 
61.50 ;  magnesia,  22.86 ;  protoxide  of  iron,  7.88 ;  oxyde  of  nickel,  traoss; 
lime,  1.26;  alumina,  8.60;  water,  8.60;  toUl  3x90.69. 
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SiH^ftteiu  or  Mteatitef  is  a  granular,  whitish  or  grayish  talc. 

CkioriUf  is  a  dark  or  blackish  green  mineral,  and  is  abundant  in  the 
tJtered  silitfHan  rocks,  sometimes  intermingled  with  grains  of  quartz  and 
fesphatio  matters,  forming  chlorite  sand,  stones  and  schists  or  slates, 
which  frequently  contains  epidote,  magnetic  and  specular  iron  ores. 
Maasire  beds  of  chlorite  or  potstone,  are  met  with,  which,  being  free  Arom 
harder  minerals,  may  be  sawed  and  wrought  with  great  facility.  A 
specimen  from  the  above  named  township  (Patton)  was  of  a  pale  greenish, 
gray  color,  oily  to  the  touch,  and  composed  of  lamellse  of  chlorite  in  such 
a  way  as  to  give  a  schistose  structure  to  tlie  mass.  Dr.  Hunt,  in  the 
above  report,  gives  its  analysis :  silica,  39.60 ;  magnesia,  26.95 ;  protox- 
ide of  iron,  14.49;  alumina,  19.70;  water,  11.30;  total  =  101.04. 

Green  sand,  has  a  brighter  color  than  chlorite,  without  any  crystalliza- 
tion. 

LuR€Stones,  are  of  various  colors  and  hardness,  from  the  friable  chalk 
to  the  compact  marble,  and  from  being  earthy  and  opaque,  to  the  vitreous 
and  transparent. 

Carbonate  of  lime,  when  pure,  is  calc  spar,  and  is  composed  of  lime, 
6G.3;  and  carbonic  acid,  43.7. 

Impure  carbonate  of  lime,  is  lime,  carbonio  acid,  silica,  alumina,  iron, 
bitumen,  etc. 
FoniainbUau  littiettone,  contains  a  large  portion  of  sand. 

Tufa,  is  lime  deposited  from  lime  water. 

Stalactite,  resembles  long  cones  or  icicles  found  in  caverns. 

Satin  spar,  is  fibrous,  and  has  a  satin  luslre. 

Carbonate  of  magnesia  or  dolomite,  is  of  a  yellowish  color,  and  contains 
lime,  magnesia  and  carbonic  acid,  and  makes  good  building  and  mortar 
stone. 

Carbonate  of  magnesia,  {pure)  is  composed  of  carbonic  acid,  51.7,  and 
magnesia,  48.3.  Magnesian  limestone,  dolomite,  (pure)  is  composed  of 
carbonate  of  lime,  54.2,  and  carbonate  of  magnesia,  45.8.  The  following 
is  the  analysis  from  Sir  W.  Logan's  report  above  quoted,  of  six  specimens 
from  different  parts  of  Canada. 

No.  I.  From  Loughborough,  is  made  up  of  large,  cleavable  grains, 
weathers  reddish,  with  small  disseminated  particles,  probably  serpentine, 
and  which,  when  the  rock  is  dissolved  in  hydrochloric  acid,  remains  un- 
dissolved, intermingled  with  quartz. 

No.  II.  Is  from  a  different  place  of  sfliid  township.  It  is  a  coarse, 
erystalUne  limestone,  but  very  coherent,  snow-white,  vitreous  and  trans- 
lacent,  in  an  unusual  degree.  It  holds  small  grains  disseminated,  tremo- 
lite,  quartz  and  sometimes  rose-colored,  bluish  and  greenish  apatite  and 
yellowish-brown  mica,  but  all  in  small  quantities. 

No.  III.  From  Sheffield,  is  nearly  pure  dolomite.  It  is  pure,  white 
in  color,  coarsely  crystalline. 

No.  ly.  From  Madoo,  is  grayish- white,  fine  grained  veins  of  qusrts, 
whieh  intersect  the  rock. 

Ko.  y.  From  Madoc,  fine  grained,  grayish-wUite,'  silioious,  magnesian 
limestone. 

Ko.  yi.     From  the  village  of  Madoc,  is  a  reddish,  granular  dolomite. 

The  following  table  shows  the  analysis  of  these  ■peoimens : 
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Sp«cifio  gravity 

Carbonate  of  Lime. 


(< 


(( 


Magnesia 

Iron 

Peroxyde  of  Iron 

Ozydeoflron  and  Phosphates  (traces) 

Quartz  and  Mica. 

Insoluble  Quarts..... 

Quartz 


I. 


III. 


IV. 


V. 


7.863    2.849    2.767 


65.70;  52.67 


87.11 


45.07 


46.47 
40.17 


0.21  '   1.21 


61.90 

11.89 

4.71 


O.CO  . 


7.10 


J  2.16 


32.00 


VL 


2.834 
57.87 
34.06 


1  32 


7,10 


MAGNESIAN  MOKTARS. 

Limestones,  containing  10  to  25  per  cent,  of  day,  are  more  and  more 
hydraulic.  That  which  contains  33  per  cent,  of  clay,  hardens  or  sets 
immediately.  Good  cement  mixed  with  tvro  parts  of  clear  sand  and  made 
into  small  balls  as  large  as  a  hen*s  egg,  should  set  in  from  one  and  a  half 
to  two  hours.  If  the  ball  crumbles  in  wa<cr,  too  much  qaick-limo  is 
present.  Where  the  ground  is  wet,  it  is  usimMy  mixed — one  part  of  saad 
to  one  of  cement,  but  where  the  work  is  .submerged  in  water,  (hea  the 
best  cement  is  required  and  used  in  er^ual  parts,  and  often  more,  as  in  the 
ease  of  Roman  cement. 

By  taking  carbonate  of  lime  and  clay  in  the  required  proportions  and 
calcining  them,  we  have  an  artificial  cement.  Example :  Let  the  car- 
bonate of  lime  produce  45  per  cent,  of  lime,  then  is  it  evident  that  by 
adding  15  lbs.  of  pure  dry  clay  to  every  100  lbs.  of  carbonate  of  lime, 
and  laying  the  materials  in  alternate  layers  and  calcining  that,  we  pro- 
duce a  cement  of  the  required  strength.  The  limestones  should  be  brokea 
as  small  as  possible ;  the  whole,  when  calcined,  to  be  ground  together. 

Cement  used  in  Paris,  is  made  by  mixing  fat  lime  and  clay  in  proper 
proportions. 

Artificial  cement,  is  made  in  France,  by  mixing  4  parts  of  chalk  with  one 
of  clay.  The  whole  is  ground  into  a  pulp,  and  when  nearly  dry,  it  is  made 
into  bricks,  which  are  dried  in  the  air  and  then  calcined  in  furnaces 
at  a  proper  degree  of  heat.  The  temperature  must  not  be  too  elevated. 
(See  Regnault's  Chemistry,  Vol.  I,  p.  617.) 

PUuter  of  Paris,  is  composed  of  lime,  26.6,  sulphuric  acid,  37.6,  and 
water,  17.  It  is  granular,  sulphate  of  lime,  slakes  without  swelling,  seta 
hard  in  a  short  time,  but  being  partially  soluble  in  water,  should  he  only 
used  for  outside  or  dry  work. 

Water  lime,  is  composed  of  carbonate  of  lime,  alumina,  silioa  and  ozyda 
of  iron.    It  sets  under  water. 

Water  cements,  differ  from  water  lime  in  having  more  silica  and 
alumina.  It  must  be  finely  reduced.  The  BngUsh  en^eers  nse  thia 
and  fine  sharp  sand  in  equal  parta. 


DE80BIPTI0N  07  ROCKS  AKD  MINBBAL8.  72b57 

BmUuiff  $hne9,  Felspathio  rooks,  raoh  as  green  stone,  phorpbyry  and 
fyenite,  in  whicli  the  felspar  is  uniformly  disseminated,  are  ^rell  adapted 
for  stmetu'efi  requiring  durability  and  strength.  Syenite,  in  wbioh  potash 
iboonds,  is  not  fit  for  stractnres  exposed  to  the  'vreather.  Cfranile,  in 
wbieh  quarts  is  in  excess,  is  brittle  and  hard,  and  difficult  to  'vrork.  An 
excess  of  miea  makes  it  finable.  The  best  granite  is  that  in  which  all  its 
constituents  are  uniformly  disseminated,  and  is  free  from  oxides  of  iron. 
Gneiss  makes  good  building  and  flag  stones.  Limeattmes^  should  be  free 
from  day  and  oxides  of  iron,  and  have  a  floe,  granular  appearance. 

Sandf  is  quartz,  frequently  mixed  with  felspar. 

Coane  $andj  is  that  whose  grains  are  from  one-eighth  to  one-sixteenth 
of  an  inch  in  diameter. 

Fme  9amd,  is  where  the  diameter  of  the  grains  are  from  one-sixteenth 
to  one  twenty-fourth  of  an  inch. 

Mixed  9and,  is  where  the  fine  and  coarse  aro  togethw. 

Pit  iomdf  is  more  angular  than  sea  or  river  sand,  and  is  therefore  pre- 
fered  by  many  builders  in  France  and  America,  for  making  mortar ;  but 
la  England  and  Ireland,  river  sand,  when  it  can  be  procured,  is  generally 
used.  Pit  sand  should  be  so  well  washed  as  not  to  soil  the  fingers.  By 
these  means,  any  clay  or  dirt  present  in  it  is  removed. 

S&ndfor  eattmif,  must  be  free  from  lime,  be  of  a  fine,  siliceous  quality, 
and  contain  a  litUe  clay  to  enable  the  mould  to  keep  its  form. 

Sand  fir  poUthmg,  has  about  80  per  cent,  of  silica ;  is  white  or  grayish, 
and  haa  a  hard  feeling. 

Sand  for  glatt^  must  be  pure  silica,  free  from  iron.  Its  purity  is  known 
by  its  white  color  or  the  clearness  of  the  grains,  when  viewed  through  a 
magnifying  glass. 

FaUer't  eofih,  has  a  soapy  feeling,  and  is  white,  greenish-white  or 
grayish.  It  crumbles  in  water,  and  does  not  become  j^Zox/m;.  Its  com- 
position is,  silica,  44 ;  alumina,  28 ;  lime,  4 ;  magnesia,  2 ;  protoxide  of 
iron,  2 ;  specific  gravity,  about  two  and  one-half. 

Cloy,  is  plastic  earth,  and  generally  composed  of  one  part  of  alumina 
and  two  parts  of  quartz  or  silica. 

CUt^for  bricks,  should  be  free  or  nearly  so  from  lime,  slightly  plastic, 
and  when  moulded  and  spread  out,  to  have  an  even  appearance,  smooth 
and  fne  from  pebbles.  Clay  free  from  iron,  bums  white,  but  that  which 
ootttaina  iron,  has  a  reddish  color,  the  protoxide  of  iron  in  the  clay  be- 
coming perozidized  by  burning. 

P^  amdpoUen*  clay,  has  no  iron,  and  therefore  bums  white. 

Fire  briek  clay,  should  contain  no  iron,  lime  or  magnesia. 

JKirl,  18  an  unctuous,  clayey,  chalky  or  sandy  earth,  of  calcareous 
aature,  containing  clay  or  sand  and  lime,  in  variable  proportions.  - 

CUg  marl,  resembles  ordinary  soil,  but  is  more  unctuous.  It  contains 
potash,  and  is  therefore  the  best  kind  for  agricultural  purposes. 

Ckaik  marl,  is  of  a  dull,  white  or  yellowish  color,  and  resembles  impure 
ekalk ;  is  found  in  powder  or  friable  masses. 

Skdty  marl,  consists  of  the  remains  of  inftisorial  animals,  mixed  with 
the  broken  shells  of  small  fish.  It  resembles  Fuller's  earth,  usually  of  a 
bluish  or  whitiah  color,  feels  soft,  and  readily  crumbles  under  the  fingers. 
.It  is  found  in  the  bottom  of  morasses,  dnuned  ponds,  etc. 

Siaty  or  stony  marl,  is  generally  red  or  brown,  owing  to  the  oxyde  of 
iron  it  eontuna ;  some  have  a  gravelly  appearance,  but  generally  resem- 
blaa  hard  day. 
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ANALYSIS  OF  TREES 


NAMS8. 


Plum  tree,  outside  wood. 

««         heart        " 

«  root  " 
Cheetnut,  bark 

«        outside  wood.. 

«(        inside        ** 

Beech,  red,  bark 

<*     outfiide  wood 

<*     heart         "  

Buttenkut,  bark >•• 

«         outside  wood. 

"  heart  " 
BasBwood,  bark 

«         outside  wood.. 

«  heart  " 
Elm,  (white)  bark 


*<    outside  wood 

Maple,  bark 

«      outside  wood.... 

"  heart  "  .... 
Oak,  (white)  sapwood 

"    heart  wood 

**  twiffs    *'     .••••■••••. 

*<  (white  swamp)  bark 

'*    outside  wood 

"    heart        '^   ••«• 

Hickory,  outside  wood ... 

"       Inside      "    ... 

««       heart       "    ... 

Pine,  pitch 

<*    scotch  fir 


Rose  bush, .  bark 

Birch,  soluble  compound 

"    insoluble        *• 
Lime  tree,  bark 

**  ^fOOO..  ......... 

Mulberry,  (white)  soluble 
<<  insoluble.  •#.• 
«  Chinese,  soluble 
«       insoluble 

Datura  stTamoniuim 


Sweet  Flag 

Common  Chamomile 

Cockle 

FoxgloTC 


Hemlock 

Blue  Bottle.. 
Strawberries 

Poppy 


.45 
.20 
1.46 
1.20 
1.48 
1.78 

8.80 

1.45 

1.60 

.30 

4.80 

6.40 
4.60 
2.10 
1.40 
1.75 


.15 

.60 

.66 

1.01 

1.18 
1.16 
2.00 
1.60 
.60 

4.48 
6.16 
1.80 
7.50 
6.69 

8.80 
1.00 
6.60 
2.27 
6.26 

2.9 
l.O 
18.1 
6.21 

2.89 

6.80 

*2.89 

12.78 

2.62 

8.29 

12.06 

1.41 


16.66 
'2.66 
11.64 
51.00 
40.76 
88.20 


2.28  52.29 
81.56 
81.82 
87.68 
88.98 

43.02 
41.92 
88.86 
45.24 

27.46 


49.88 
81.86 
43.14 
80.36 

43.21 
34.10 
52.26 
80.22 
35.67 


18.60 
23.18 

22.66 

... 
52.2 
60.81 
29.98 


4.6 

... 
7.2 
4.11 

7.70 
3.67 
6.14 
6.53 

8.89 

... 
14.21 
6.06 


8.52 

2.93 

.16 

.60 

6.77 

.61 

.82 

6.44 

1.44 

10.08 

3.52 

4 

2.24 

7.86 

7.44 

18.10 


3.64 

8.40 

7.24 

.86 

.26 
.60 
.26 
.50 
-.61 

6.20 

8.60 

4. 

4.85 

6.02 

2.86 


17.66 


i 


3.86 


8.70 

9.64 

4.66 

trace 


.6 
1.24 
7.97 


.6 


pr8.94 

prl.91 
pr  8.28 
pr  1.21 
8.19 

2.40 

1.61 

11.12 

1.21 


8.6 


1.8 


8.29 
2.76 
15,07 
1.86i 
4.66;  1.41 
2.73   1.98 


8.33 

1.66 

22.00 

.38 


.18 
12.18 


15.58 


4.04:25.63 
1.0011.27 


4.42 


6.61 


1.0011.82 
1.2612.77 
10.12  2.88 
4.06  10.41 
8.79   1.65 


.88 
.87 
4.21 
18.41 


7.75 


9.68    ... 
9.74   6.89 
.46  trace 
20.49  8.15 


14.79 

7.40 
20.19 
12.21 
14.10 

2.20 

6.12 


16.14 
35.80 

52 


8.69 

.08 

.09 

.06 

20.75 

2.22 

a52 


4.53 
5.23 

11.5 

... 
68 

.*• 
14.24 


20.22 


6.90132.98 

9.661^0.68 

18.2022.86 

10.8948.68 

12.8o'21.69 
7.82;:6.54 

21.07  27.01 
6.8533.11 
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AND  WEEDS,  ETC. 


II 

ll 

1^ 

Carbonio 
Add. 

Phoephorio 
Add. 

d 

Chloride  of 
Sodium. 

HISCKT.LANE0U& 

•  •• 

•  aa 

mmm 

12.21 

15.79 

• 

•  a. 

.33 

Org.  mat 

.  8.20,  coal,  .85 

tnee 

trace 

trace 

22.17 

38.98 

•  •• 

•  a. 

.51 

<f 

3.60. 

«t 

« 

<c 

1.84 

..a 

•  •• 

a.a 

.11 

CI 

1.20* 

2.90 

.20 

(< 

.81 

89.90 

•  •• 

•  a. 

a.. 

CI 

5. 

17.44 

1.80 

C( 

.50 

28.84 

•  •• 

..a 

aa. 

CI 

1.74. 

8.60 

.80 

c< 

•  «• 

29.52 

•  •• 

aa* 

»•• 

tc 

3.20a 

pho8- 

1.96 

phates 

•  •• 

40.41 

5.62 

... 

a.. 

II 

1.50,  coal  1.60 

17.23 

.85 

.93 

.47 

24.39 

•  aa 

.06 

aa. 

II 

1.86. 

22.04 

.40 

.02 

.62 

24.59 

•  aa 

.24 

... 

IC 

2.80a 

2.25 

.30 

.15 

.74 

32  12 

aaa 

».. 

.15 

CI 

2.80. 

2.20 

3.40 

.06 

18.73 

20.02 

aaa 

•  aa 

.16 

11 

8.40. 

.69 

8.41 

.28 

21.48 

4.48 

a.. 

aa. 

.18 

II 

8.20. 

8.50 

.20 

.80 

.72 

25.88 

8.50 

... 

.24 

II 

1.70. 

17.95 

1.20 

2.60 

.88 

16.64 

17.96 

a.. 

.60 

II 

2.53. 

8.96 

1.80 

.04 

.27 

17.96 

8.96 

a*. 

.52 

CI 

2. 

••• 

■  ■• 

•  mm 

.14 

39.44 

a.. 

aa. 

... 

II 

• 

2. 

•■• 

•  •a 

•  •a 

12.02 

a.. 

•  aa 

* 
•  •• 

aa. 

CI 

••• 

8.13 

.32 

.02 

1.50 

37.12 

aaa 

•  mm 

.08 

CC 

1.50a 

5.70 

.78 

1.80 

1.17 

87.26 

aaa 

... 

.08 

CI 

2.40. 

5.09 

1.34 

.22 

1.03 

33.33 

... 

aa. 

2.78 

ll 

1.93. 

^ 

32.25 

aaa 

4.24 

8.95 

aaa 

aaa 

.89 

CC 

5.70. 

13.30 

•  ■a 

.47 

19.29 

aaa 

•  a. 

.16 

tl 

7.10. 

i 

28.60 

mmm 

.25 

17.55 

•  a. 

aa. 

.08 

It 

5.90. 

■  »• 

a.. 

.30 

40.34 

•  a. 

... 

*.* 

tl 

2al3a 

1- 

o 

•  •• 

aaa 

mm* 

32.92 

•  •• 

aa. 

*.. 

II* 

aa. 

•  •• 

aaa 

aaa 

34.41 

•  •• 

•  aa 

aaa 

l( 

2.70. 

£ 

14.44 

aaa 

.89 

29.57 

aaa 

.10 

aaa 

11.46 

• 
a.. 

4.64 

21.41 

aaa 

.09 

aaa 

^. 

6.34 

a.. 

5.26 

88.63 

... 

.07 

a.a 

' 

• 

mum 

11.10 

.90 

8.45 

17.50 

... 

2.30 

a.a 

•  •■ 

17.03 

2.75 

2.23 

36.48 

aa. 

aaa 

aa. 

« 

•  •• 

16.30 

a. a 

5.00 

28.70 

•  *• 

aaa 

3.20 

Water,  4. 

■ 

■  *• 

... 

aaa 

2.00 

17.00 

•  mm 

a*» 

•  •• 

«*• 

a. a 

a.a 

•  •• 

31    • 

4 

•  •m 

•  •• 

•  ■• 

a.» 

aaa 

.75 

••% 

4.02 

a.. 

2.21 

mmm 

aaa 

•  aa 

5.30 

• 

•  •a 

4.85 

*.. 

1.49 

»•• 

aaa 

•  .a 

8.00 

2.3 

•  •a 

a.a 

•  a* 

Hydroclilorio  acid,  4. 

•  •• 

aaa 

a.a 

•  •• 

..a 

aaa 

•  •• 

*.. 

•  •a 

aaa 

•  aa 

8.00 

22.6 

aa. 

•  •* 

*a* 

c< 

"     2.04. 

••• 

aaa 

a.« 

a.. 

18.7 

5.4 

..a 

•  a* 

■  ■a 

aaa 

aa* 

•  mm 

aaa 

84.72 

•  *a 

•  *. 

Iodide  of  Sodium,  34. 

«•• 

a. a 

•  aa 

5.06 

aaa 

11.48 

•  •m 

2.84 

Chlor.  of  Potass'm  14.66. 

•  a* 

a. a 

aa« 

4.60 

•  •• 

16.01 

... 

■ 

II 

7.15. 

•  •• 

aaa 

•  mm 

2.^9 

•  a* 

29.27 

... 

•  •• 

IC 

7.55. 

•a* 

*'• 

•  aa 

8.91 

aa* 

16.65 

... 

9.03 

••• 

•  aa 

•  •■ 

3.43 

•  aa 

24.96 

•  mm 

16.61 

•*• 

•  •• 

•  aa 

2.69 

a.a 

15.49 

aaa 

•  a* 

tl 

"                 lla88a 

•a« 

aaa 

•  •• 

8.15 

6 

8.69 

a.a 

2.78 

CC 

CC 

•  mm 

•  aa 

•  aa 

2.26 

..a 

23.37 

... 

a.. 

CI 

"                        8.40a 
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ANALYSIS  OF  GRAINS  AND  STR!A.WR 


MAMSS. 


Barley,  gram,  mean  of  10 . . 
''  straw,  mean  of  3  ..., 
"  grain,  at  CleTes.  ..., 
**     grain,  at  LetpBio  .... 

Baokwheat,  grain 

"  grain 


"         straw 

Maise  or  Indian  Com,  grain .. 

*'      straw,  mean  of  2 

Millet,  grain,  (Giessen) 

Oats,  grain,  mean  of  7 

"    straw,  mean  of  2 


«( 


potato,  grain, 

Rice,  grain 

"    straw 

Rye,  grain,  by  Way  and  Oyden,, 

grain,  mean  of  3 

grain,  by  Lidteg 


it 


(( 


CI 


««    straw,  , 

Wheat,  grain,  mean  of  82 

"      straw,  mean  of  10 , 

Flax,  whole  plant  in  Ireland .. 

**    best  in  Belgium 

Hemp,  whole  plant,  mean  of  4 


Linseed 

Rape,  seed 

"      straw 

Beet,  Mangel  Wunel,  (yellow) 

**  "         long  red 

mean  of  4 


« 


long  blood  root 

tops 

Carrot,  (white  Belgian  root,) 

"      tops 

"     fresh  root,   (New  York  report.) 
Artichoke,  Jerusalem 


Cauliflower,  heart ... 

Parsnip  

Potato,  mean  of. 

"    tops 

Tomato 

Turnip,  white  globe 


swede 

mean  of  10. 

tops  

Beans,  mean  of  6  ... 
8ti*aw  


«• 

t< 


<< 


Peas,  mean  of  4 

*'    straw 

Lentils 

Vetch  or  tare 

"  "   straw, 


B 

3 

1 

26.40 

2.68 

8.65 

64.66 

8.08 

4.13 

21.99 

3.36 

10.05 

29.10 

1.67 

6.91 

.69 

6.66 

10.38 

7.06 

.14 

2.66 

4.37 

22 

40.37 

1.44 

1.44 

16.22 

26.97 

7.97 

6.64 

69.68 

.86 

7.66 

47.08 

3.92 

7.70 

48.42 

8.07 

3.78 

60.08 

1.31 

8.25 

8.86 

1.27 

11.69 

74.09 

.73 

4.49 

9.22 

2.61 

12.81 

3.86 

4.19 

11.17 

.69 

9.06 

2.41 

64.60 

6 

10 

8.36 

3.40 

12.80 

67.88 

6^3 

2.74 

21.86 

12.83 

7.79 

2.68 

18.62 

3.93 

8.20 

42.91 

5.47 

.92 

26.98 

.22 

1.11 

12.91 

11.39 

.89 

20.96 

.62 

2.22 

1.78 

1.78 

1.40 

1.90 

1.79 

4.44 

8.66 

2.97 

1.86 

1.60 

1.16 

1.99 

8.66 

8.66 

1.19 

8.83 

3.96 

4.66 

32.64 

2.92 

.66 

3.65 

1.60 

16.97 

2.82 

2.81 

1.92 

2.96 

2.88 

4.10 

11.43 

9.94 

4.28 

2.07 

6.28 

8.86 

16.96 

7.09 

.01 

trace 

0.10 

1 

8.69 

4.56 

.28 

10.67 

4.66 

3.43 

11.14 

8.61 

.86 

23.27 

3.09 

2.66 

19.30 

6.91 

7.06 

19.99 

6.69 

.52 

6.36 

8.64 

20.08 

64.91 

6.88 

1.07 

6.07 

1.98 

2.01 

4.79 

8.49 

8.66 

38.33 

6.36 

.27 
.45 

.67 
1. 
1.25 


2 
.79 
.74 
6.08 
1.10 
2.71 

3.67 
2.56 

... 

8 

.62 

1.24 


16.76  2.49 
19.14 


19.70 
18.48 
10.27 

04|S3.88 
26 

40  11.43 


.88 
1.09 

.86 
2 

.22 


.40 
1.61 
.76130 
.17 


17.19 
29.97  8.90 
12.14  .60 
9.78  9.82 
22.3014.11 


L3o 
10.67 

3.83 
.89 

7.91 
18.89 


9.93 

25.86 
25.18 

ais 


28.54 19.08 


21.68 


.50 

.71 

19.^ 


S.1S 


80.80 12.19 


18.10 
21.36 
32.44 

7.12 

8 
54.67 


.96 
1.10 
2.40 

eiso 

1.69 

36.12 

.62  57.76 

1.0628.02 

.07 

1.44142.83 


6040, 


58.65 

7.01 

13.52 

10.97 

1.25 


.98  36 


84.39 14.77 

8.12 

1.86 

16.24 

.09 

2.66 

8.9S 
6.76 
5l42 
6.64 
1.60 

7.11 

... 

6.65 

9.56 

1.02 


47.46 
86.98 
28.65 
28.87 
63.08 


.80 

4.73 

27.84 

.67 

36.491 


72b62 


^OQSTABLE  AND  LEGUMINOnS  PLANTS. 


1^ 

a 

OB 

\i 

t 

Chloride  Of 
Sodhim. 

mSCXLLANSOUS. 

1.0(1 

«•* 

85.20 

... 

.47 

2.18 

•«. 

8.26 

•  at 

6.95 

.26 

••• 

40.68 

... 

... 

■a* 

••• 

88.48 

.•a 

•»» 

2.16 

••• 

50.07 

aaa 

a.. 

7.80 

•*• 

57.60 

a20 

... 

• 

6.78 

••• 

9 

2.99 

... 

Oxyde  MaDg.  and  AlamiDa,  .8. 

2.77 

••« 

44.87 

aaa 

... 

1.19 

••« 

17.08 

»•• 

8.42 

.86 

••. 

18.19 

... 

1.48 

• 

1.29 

•••• 

18.19 

... 

.20 

Chloride  potassiam,  .14. 

8.26 

••• 

2.56 

a*. 

«.. 

•       ' 

.10 

■■■ 

18  87 

a.* 

.07 

• 

••• 

••• 

58.86 

a.a 

a*. 

S.56 

••• 

1.09 

a. a 

•  •• 

.17 

••• 

89  92 

•  •» 

•  9» 

.71 

••■ 

46.84 

a.a 

... 

.51 

••• 

51.81 

»•* 

... 

.88 

•  •a 

8.82 

a.. 

.57 

Chloride  potassium,  .26. 

.88 

»»• 

46 

•  .a 

.09 

8.88 

•  .  • 

5.48 

••• 

.22 

2.65 

•  •• 

10.84 

a.. 

6 

6.88 

••• 

8.81 

4.58 

... 

1.28 

■  •• 

5.26 

..a 

1.41 

.91 

.«« 

40.11 

... 

1.65 

.58 

2.20 

45.96 

aaa 

... 

7.60 

16.81 

4.76 

mm* 

... 

3.68 

iai4 

4.49 

mat 

24.55 

3.14 

••• 

1.65 

a.. 

49.51 

3.08 

■«• 

4.19 

•  aa 

24  55 

1.65 

16.27 

9.85 

.81 

a.a 

Phosphate  of  Iron,  1.15. 

6.80 

••« 

5.15 

... 

88.96 

6.55 

17.80 

8.55 

aa. 

6.50 

6.20 

17.82 

1.67 

..a 

13.67 

4.30 

28.2 

10.55 

aaa 

..a 

"       .70. 

2.70 

••• 

18.27 

••a 

8.8 

Carbonic  acid  deducted. 

11.16 

••• 

27.85 

•  a. 

2.86 

6.50 

*•• 

18.66 

... 

5.54 

Phosphate  of  Iron,  8.71. 

18.64 

d«daet 

12.57 

... 

7.10 

6.88 

.*. 

.7.62 

12.88 

•  •• 

.01 

.04 

.08 

.01 

•  !• 

12.6 

•«• 

8.61 

•.. 

•  •• 

12.16 

••* 

18.07 

a.. 

•  •• 

12.48 

•a. 

9.74 

... 

7.85 

Chloride  potassiam,  .59. 

12.52 

*•■ 

9.29 

16.05 

a.. 

1.91 

•a. 

21.66 

•.. 

1.85 

*•              *'           .80. 

1.09 

... 

7.24 

»»9 

4.26 

189 

••» 

88.52 

... 

2.16 

6.77 

•aa 

4.88 

..a 

«•  • 

j 

... 

•  .a 

29.07 

.•• 

6.18 

4.10 

•a. 

88.08 

... 

2 

» 

2.89 

... 

6.49 

... 

2.75 

Y2b 

68 

if!  I 


12:    ill    i 


NCOO        SS^OC^ffOO 


11 

iJsJj 


^11 


810i. 


PERCENTAGE  VALUE  OF  MANUEES. 


8UBSTANGX8. 


Farm  yard  manure. 


<c 


CI 


Wheat  straw  

Kye  straw 

Oat  straw 

Barley  straw 

Pern  straw 

Buckwheat  straw. 

LeaTes  of  rape 

potato .. 


f« 


•< 


«< 

ca 


carrot 
oak.... 
beech.. 

Saw  dust  fir 

••       oak..... 

Malt  dust 

Apple  refuse , 

Hop        •« 

Beet  root  refuse. 

Unseed  cake 


Rape  oake 

Hempseed  oake.... 
Cotton  seed  oake.. 

Cow  dung. 

"     urine 

**  excrements.. 
Horse  excrements 

**      urine 

"  excrements. 
Pigs'  urine 


•*•• 


«< 


»« 


Pigs'  excrements 

Sheepe'  excrements.... 

urine 

dung 

Pigeons'  dung. 

Human  urine .« 

*'      excrements.... 

Flemish  manure 

Poadrette  from  Belloni 
Do.  from  Berry  in  1847 

Do.  ft'om  Montfaucon.. 

Do.  in*  1847 

Bloody  liquid 

dry 

coag.  A  pressed 

Blood,  steamed 

Bones  boiled 

"      unboiled 

••      dust 

Glue  refuse 


•< 


<« 


Sugar  refineries.. 

Ox  hairs 

Woolen  rags. 

Guano,  PeruTian. 

"  African... 
Soot  of  wood 

"      coal 

Oyster  shells. 


Water. 


NHrog^ 
diy  state 


no 


68.2  • 
70.6 
12.8 
12.4 
21.0 
11.0 
8.6 
11.6 
12.8 
76.0 

70.9 
26.0 
89.3 
24.0 
26.0 
6.0 
6.4 
73.0 
70.0 
13.4 

10.5 
6.0 
11.0 
86.9 
88.8 
84.3 
75.8 
86.0 
76.4 
97.9 

91.4 
57.6 
86.6 
67.1 
61.8 
98.3 
91.0 


12.6 
13.6 

41~4 
28.0 
81.0 
21.4 
73.6 


7.6 

8. 


37.8 


8.9 
11.3 
26.6 
26. 

6.6 
16.6 
17.9 


1.96 

2.46 
.41 
.36 
.36 
.26 

1.96 
.64 
.86 

2.30 

2.94 

1.67 

1.91 

.31 

.72 

4.90 

.03 

2.23 

1.26 

6. 

5.60 
4.78 
4.62 
2.30 
3.80 
2.69 
2.21 

14.47 
8.02 

11. 

6.17 
1.70 
9.70 
2.79 
9.12 
21.64 
14.67 


Nitiog^ 

aaban 


ph'iae'd 


■lilt  dry  state 


4.40 
2.29 

2.67 

2.47 

16.68 

16.60 

17. 

6.69 

7.68 

8.89 

7.92 

3.27 

2.44 
16.12 
20.26 
6.31 
8.26 
1.81 
1.69 
0.40 


.61 
.72 
.36 
.30 
.28 
.28 
1.79 
.48 
.76 
.66 

.86 

1.18 

1.18 

.28 

.64 

4.61 

.69 

.66 

.38 

6.20 

4.92 

4.21 

4.02 

.32 

.44 

.41 

.66 

2.04 

.74 

.23 

.64 

.72 
1.31 

.91 
3.48 
1.46 
1.83 

.20 
3.86 
1.98 

1.66 
1.78 
2.96 
12.18 
4.51 


7.02 
6.22 


2.18 


13.78 
17.98 
4.71 
6.19 
1.16 
1.85 
.32 
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1.08 

2.00 

.22 


.21 
.20 


.30 


.03 
.04 


.40 
3.83 

4.84 
1.08 


.74 

•  a ■ ••■ 

.66 
1.22 


1.12 
2.09 

3.66 
1.62 
.03 
1.32 
6.88 
8.88 
2.86 


2.66 

1.08 
4.80 
1.63 
1.68 


24. 

22.20 

24. 


26. 


18.93 
17. 
1. 


.66 


MISOELLANBOUS. 

Bechelbum. 
Grignon,  France. 


All 


sabe. 
«< 

«( 

it 


Recently  collected. 


t( 


It 


Air  dried. 


Solid  excrements. 


« 


Solid  and  liquid. 


it 


K 


Fresh  excrements. 

Solid  and  liquid. 
Liquid  manure. 

Sauburan. 
i« 

c< 
(f 

Slaughtev  house. 
Commercial. 
From  the  press. 
Wahl's,  Chicago. 


< 


i 


72b66  BKWAQl  MAirUBB. 

SEWAQE    MAKURE. 

dlOj.  The  Tftlue  of  this  mainure  is  now  toXlj  established.  Dr. 
Cameron,  Professor  to  the  Dablin  Chemical  Society,  has  recently  shown 
that  "  100  tons  of  the  sewage  water  of  Dablin  contain — 


Nitrogen,               16  Ibt., 

worth 

lOt.  8<f. 

Phosphoric  Add,    4.2 

<( 

1«.  4fdL 

Salts  of  Potash,       5.1 

«( 

7id, 

Salts  of  Soda,        14.2 

(( 

2Jd: 

Organic  matter,    75 

(( 

id. 

Taking  the  population  of  Dublin  at  800,000,  the  Talue  of  the  sewage  is 
worth  more  than  £100,000,  or  two>thirds  of  the  local  taxation  of  the  city." 

He  calculates  the  value  of  the  night  soil  at  £8000,  and  the  urine  at 
£85,000,  showing  one  to  be  thirty  times  as  yaluable  as  the  other. 

Those  who  haye  seen  the  riyer  Thames  or  the  Chicago  riyer  made  the 
receptacle  of  city  sewage,  will  admit  that  God  neyer  intended  that  liquid 
manure  should  pass  into  these  streams  causing  disease  and  deatii,  but 
that  they  should  be  made  ayailable  in  fertilising  the  neighboring  fields, 
as  in  Edinburgh  and  yarious  other  places. 

We  recommended  a  plan  of  intercepting  sewers  for  Chicago  in  1854^ 
by  which  the  sewage  could  be  collected  at  certain  places,  and  from 
thence  wasted  into  Lake  Michigan  far  from  the  city,  or  used  for  irrigating 
the  adjacent  leyel  prairies.  The  plan  was  rejected,  but  the  consequence 
has  been  that  an  Act  passed  the  Legislature  of  Illinois  in  1865,  creating 
a  commission  for  cleansing  the  Chicago  riyer,  at  an  expense  of  two 
MiLLioHs  or  DOLLABs.  The  commissioners  haye  now  (80th  June,  1865,) 
commenced  their  preparatory  suryey.  In  Chicago  the  people  are  ob- 
liged to  connect  their  water-closets  with  the  main  sewers,  thereby 
making  the  sewers  gas  generators  on  a  large  scale.  Public  water-closets 
are  built  at  the  crossings  of  some  of  the  bridges,  and  private  ones  with- 
out traps  or  syphons  are  built  under  the  sidewalks.  This  system  of 
sewerage  begins  to  show  its  bad  effects,  and  will  have  to  be  abandoned  at 
some  future  day. 

To  any  person  who  has  spent  one  hour  in  a  chemical  laboratoiy,  it 
will  appear  that  noxious  gases  will  soon  saturate  any  amount  of  water 
that  can  be  held  in  a  trap  or  syphon,  and  that  no  contriyance  ean  be 
adopted  to  exclude  permanently  the  poisonous  effluyia  of  sulphide  of 
ammonium  and  sulphuretted  hydrogen. 

It  will  cost  London  thirty  millions  of  dollars  to  build  the  intercepting 
sewers  commenced  in  1858.  Paris  commenced  a  similar  work  in  1857, 
and  Dublin  is  now  about  to  do  the  same.  About  April,  1865,  an  Act 
passed  the  English  House  of  Lords  for  the  utilitixation  of  town  sewage, 
which  was  supported  by  the  first  yote  of  the  Peiucs  of  Wales.  The  great 
LiBBEQ  has  commenced  operation  on  the  London  sewage.  He  has  it  free 
of  charge  for  ten  years ;  so  that  in  a  few  years  the  yalue  of  sewage  will 
be  as  well  known  to  the  Americans  and  Europeans  as  it  is  now  to  the 
Chinese.  Then  there  will  not  be  a  scientific  engineer  who  will  advocate 
the  converting  of  currentless  streams  and  neighboring  waters  into  cess- 
pools. The  sanitary  and  agricultural  conditions  of  the  world  will  forbid 
it.     (See  dUo  seetiona  on  Drainage  and  Irrigation.) 
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DESCRIPTION  OP  MINERALS. 

310k.  Antimony.  SHbniUj  or  gray  sulphuret  of  ailtimony.  Gomp. 
Sb78, 827.  Found  chiefly  in  granite,  gneiss  and  mica,  with  galena,  blende, 
iron,  copper,  silrer,  zinc  and  arsenic.  Found  columnar,  massive,  granu- 
lar, and  in  delicate  threads.  Fusible.  Gravity,  4.5.  Lustre,  shining. 
Fracture,  perfect  and  brittle.  Color,  lead  to  steel  gray ;  tarnishes  when 
exposed. 

WhiU  Antimony,  Contains  antimony,  84.  Found  in  rectangular  crys- 
tals, whose  color  is  white,  grayish  and  reddish,  of  a  pearly  lustre.    H^- 

2.6.  Gravity,  5  to  6. 

Su^huret  of  Antimom/  and  Lead.  Found  rhombic,  fibrous  and  columnar. 
Color,  lead  to  steel  gray.     H  ==  2  to  4.     Specific  gravity,  6  to  6. 

Assnio,  White.  Sometimes  found  in  primary  rocks  with  Co.  Cu.  Ag. 
and  Pb.  Color,  tin  white.  Is  soluble.  G.,  8.7.  Fracture,  conchoidal. 
Lustre,  vitreous. 

Natioe  Arsenic,  Found  in  Hungary,  Bohemia,  and  in  New  Hampshire 
with  lead  and  silver.    Color,  tin  white  to  ^rk  gray.    A  =  8.6.    Gravity, 

5.7.  F  =  imperfect. 

Orpimtnt  or  TeUow  Stdphuret  of  Antimony,  Found  in  Europe,  Asia  and 
New  York.  Foliated  masses  and  prismatic  crystals.  Color,  fine  yellow. 
H  ==  1.6  to  2.    Gr.,  8  to  8.6.     F  =  perfect.    Lustre,  pearly. 

Bealger  or  Bed  Stdphuret  of.  Found  in  Europe,  with  Cu.  and  Pb.  Color, 
red  to  orange.  H  =  1.6  to  2.  Gr.,  8  to  4.  Lustre,  resinous.  F  =  im- 
perfect.    MassiTc  and  acicular. 

Bismuth.  Hative.  Found  in  quartz,  gneiss,  mica,  vnth  Co.  As.,  Ag. 
and  Fe.  Color,  silver  white. .  Found  amorphous,  crystallized,  lamel- 
U».    H  =  2  to  2.6.     Gr.  =9.     F  =. perfect.    Lustre.     Metallic. 

Suiphuret  of  BitrmUh.  Comp.,  Bi.  81,  819.  Found  as  above.  Massive 
acicular  crystals.     H  =  2.8.    Gr.,  6.6.    Color,  lead  gray. 

Cobalt.  SmaUine.  Found  in  primary  rocks,  with  As.  Ag.  and 
Fe.  Masave,  cubes  and  octohedrons.  H  =  6.  Gr.,  6  to  7.  Color,  tin 
white  to  steel  gray.    L  =  metallic.    Fracture  uneven. 

Anenieal  Cobalt,  Found,  as  in  the  latter,  massive,  staleotical  and 
dentricaL  Comp.,  Co.  -{-As.  -f-  S.  Color,  tinge  of  copper  red.  Gr., 
7.3.     F  =  brittle. 

Bloom  or  Peach  CohaU,  Found  in  oblique  crystals.  Foliated  like  mica. 
Color,  red,  gray,  greenish.  H  =  1.6  to  2.  Gr.,  8.  Lustre,  pearly. 
Fracture,  like  mica. 

CoppBB..  Native,  Nearly  pure.  Found  in  veins  in  primary  rocks,  and 
as  high  as  the  new  red  sandstone,  in  masses  or  plates.  Aboresoent,  fili- 
form.   Color,  copper  red.    H  =  2.6  to  8.    Gr.,  8.6. 

Sh^fkmret  of  Comp.,  Cu.  76.6,  S22  -{-  Fe.  .60.  Found  in  great 
rocks,  eepecially  the  primary  and  secondary  ones.  In  double,  six-sided 
pyimnidfl,  lamellar,  dssnlar,  long  tabular,  six-sided  prisms.  Color, 
blackish  steel  gray.  Gr.,  6.6.  Fracture,  brittle  and  brilliant 
.  SU^kuret  of  Copper  and  Iron,  (Copper  pyrites.)  Comp.,  Cu.  86,  S82, 
Fe.  82.  Found  in  veins  in  granite  and  allied  rocks,  gray  wacks,  and  with 
iron  pyrites,  carbonates  of  Cu.  blende,  galena.  Color,  brass  yellow  when 
hammered.  H  =  8  to  4.  Gr.,  4.  Found  in  various  shapes.  Tetrahedral, 
oetohedral,  massive,  like  native  and  iron  pyrites. 


72b68  DisoupnoH  or  mimbeals. 

Oray  Sulphuret  of  Cu,  and  Iron.  Oomp.,  Gu.  52.,  Fe.  23.  The  suae 
location  and  aasooiates  as  the  last.  It  \s  not  magnetio  like  oxide  of  iron, 
nor  80  hard  as  arsenate  of  iron.  Color,  steel  gray  to  blacic  Lustre, 
metallio.  F  =  brittle.  Found  amorphous,  disseminated,  crystaUixed  in 
small  tetrahedral  crystals. 

Copper  Fyritet,  most  prevalent.  Comp.,  Co.  76.5,  S22,  Fe.  .5.  Found 
similar  to  sulphnret  of  copper.  Color,  brass  yellow.  Tound  in  small» 
imperfect  crystals  In  concretion  and  crystallized  lamellar.  F  :=  uneven. 
Lustre,  metallic.    Gr.,  4.8. 

Bed  Oxide  of  Copper.  Contains  88  to  91  of  copper.  Found  with  other 
copper  ores.  It  is  fusible  and  effervesces  with  nitric  add,  but  not  with 
hydrochloric  acid.  Color,  red.  F  =  generally  uncTcn.  H  =  aoft 
Found  amorphous,  crystallixed,  in  cubes  and  octohedrons. 

Blue  Carbonate  of  Cu.  Comp.,  Cu.  70,  CO2  24,  HOs.  Found  in  primary 
and  secondary  rocks.  Is  infusible  without  a  flux,  and  gives  a  green  bead 
with  borax  in  the  blow  pipe  flame.  It  is  massive,  incrusting  and  stalA- 
tical.    Color,  blue.    F  =  imperfectly  foliated. 

Oreen  Carbonate  of  Copper.  Found  with  other  copper  ores,  in  incrusta- 
tions and  other  forms.  Color,  ftght  green.  L  =  adamantine.  H  =  S  to 
4.    Qr.,  4. 

NiOKBL.  AreenieaL  Comp.,  As.  54,  Ni.  4.4.  Found  in  secondary 
rocks,  as  gneiss,  with  cobalt,  arsenic,  Fe.,  sulphur  and  lead,  and  is 
massive,  reticulated,  botryoidal.  Gives  out  garlic  odor  when  heated. 
Color,  copper  red,  which  tarnishes  in  air.  H  =  5.  Gr.,  7  to  8.  L  = 
metallic. 

J^iekel  Olance.  Found  with  arsenic  and  sulphur,  massive  and  in  cubes. 
Comp.,  Nl.  28  to  88.    Color,  silver  white  to  steel  gray.    H  =  5.  Qr.,  6. 

White  Nickd.  Comp.,  Ni.  20  to  28,  As.  70  to  78.  Color,  tin  white, 
found  as  cubic  crystals. 

Placodme.  Ni.  57.  Color,  bronze  yellow.  Found  tabular,  obliqe  and 
in  rhombic  prisms.     H  =  5  to  6.    Gr.,  8. 

Awtmonial  Nickel.  Nl.  29.  Found  in  hexagonal  crystals.  Color,  pale 
copper  red,  inclined  to  violet. 

Nickel  Pyritee.  Contain  Ni.  64.  Color,  brass  yellow  to  light  bronze. 
Found  capillary  and  in  rhombohedral  crystals. 

Qreen  Nickel.  Contain  86  per  cent,  of  oxide  of  nickel.  Found  with 
copper  and  other  ores  of  nickel.    Color,  apple  green. 

ZiNO.  Blende.  Mock-lead.  Block  Jack.  Found  in  veins  in  primary 
and  secondary  rocks,  with  Fe.  Pb.  and  Cu.  Comp.,  zinc  67,  Pb.  83. 
Found  massive,  lamellar,  granular  and  crystallized.  It  decripitates  if 
heated,  and  is  infusible.  Color,  yellow,  brown  or  black.  Lustre, 
shining  and  adamantine.    F  =  brittie  and  foliated.    Gr.,  8  to  4. 

Carbonate  of  Zinc.  (Calamine.)  Comp.,  zinc,  64.5,  carbonic  acid,  35.5. 
Found  in  beds  or  nests  in  secondary  limestones,  and  in  vdns,  with  ojodeff 
of  iron  and  sometimes  lead.  Crystallized,  compact,  amorphous,  cuprefer- 
ous  and  pseudomorphous.  Color,  gray,  greenish,  brown,  yellow  and 
whitish.    L  =  vitreous  and  pearly.    F.,  brittle.    Gr.,  4  to  4.5. 

Red  Oxide  of  Zinc.  Comp.,  zinc  94,  protoxide  of  manganese  6. 
Found  in  iron  mines  and  limestones.  ,  Massive  and  disseminated. 
Cleavage  like  mica.  Color,  deep  or  light  red  with  a  streak  of  orange 
yellow.    Lustre,  subadamantine  and  brilliant. 
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Su^haU  of  SSme,  Found  in  rhombic  prisms.  Color,  white.  L  = 
▼itreons.    F.,  perfect.    Or.,  20.^. 

Manganese.  Bhwxide  of.  Comp.,  Mn02s  Mn  64  -\-  086.  Foond  in 
TeisA  and  maasee  in  primary  rocks,  with  iron.  Forms  a  pnrple  glass  with 
borax  in  the  blow  pipe  flame.  Color,  dark  steel  gray,  with  a  black  streak. 
L  =  metallic.  F.,  concholdal  and  earthy.  H  =  2  to  2.5.  Gr.,  4  to  5. 
Foiund  masaiTO,  and  in  fibrous  concretions.    Crystallized.    Infusible  alone. 

Pho^haU  of  Manganese.  (TriplUe.)  Protoxide  Mn.  88,  protoxide  of 
Fe.  82,  and  phosphoric  acid  88.  Gives  a  Tiolet  gloss  with  borax.  Color, 
yeUowiflh,  streak  of  gray  or  black.  L  :=  resinous  and  opaque.  H5  to  5.5. 
Gr.,  8  to  4. 

Bog  Ore  ofMn.,  or  Wad.  Found  in  low  places,  formed,  from  minerals, 
contusing  manganese.  Comp.,  Mn.  80  to  70,  protoxide  of  iron  20  to 
25.     Color,  brownish  black.    Lustre,  dull  and  earthy.    H  =  1.    Gr.,  4. 

Tn.  Oxide  of.  Comp.,  tin,  77.5,  021.5,  oxide  of  iron  .25,  and 
ATer  .75.  Found  in  the  crystalline  rocks  with  Cu.  and  iron  pyrites. 
Found  in  yarious  places,  especially  in  Cornwall  in  England.  Color, 
brown  or  black,  with  a  pale  gray  streak.  Found  lamellar,  in  grains  and 
masslYe.  Becripitates  on  charcoal.  L  =  adamantine.  F.,  indistinct  and 
biiUle.     H  =  6  to  7.     Gr.,  6.5  to  7. 

Sulpkwet  of  Tm^  or  P^friles.  Color,  steel  gray  or  yellowish.  Streak, 
black.     F  =  brittle.   H4.  Gr.,  4.     Comp.,  tin  84,  S25,  Cu.  86  and  Fe.  2. 

Platinum.  Found  only  in  the  metallic  state,  with  various  metalsj  such 
as  gold,  silver,  iron,  copper  and  lead,  and  disseminated  in  rocks  of 
igneous  origin,  as  the  primary.  Often  found  in  syenite  with  gold,  but  it 
is  prindpally  found  in  alluvium  or  drift.  Color,  very  light  steel  gray  to 
silver  white.  Lustre,  glistening.  It  is  found  in  grains  and  rolled  pieces, 
sddom  larger  than  a  pea.  Resembles  coarse  iron  fileings.  It  is  mallea- 
ble ;  infuaible,  excepting  in  the  flame  of  the  oxyhydrogen  blowpipe. 

€k>LD.  Found  in  granite,  quartz,  slate,  homstone,  sandstone,  lime- 
stone, clay  slate,  gneiss,  mica  slate,  and  especially  in  talcose  slate,  rarely 
in  graywack  and  tertiary  slate,  but  never  in  serpentine.  Associated  with 
Cu.,  Zn.,  Fe.,  Pb.,  Baryta.,  antimony,  platinum.  Where  it  is  found  in 
primary  rooks,  it  infrequently  in  schiste.  Color,  yellow.  Seldom  found 
massive;  often  disseminated,  capillary,  amorphous,  dentritic,  crystallized 
in  cabes,  ootohedrons,  rhomboidal,  dodecahedron  and  tetrahedron. 
Lustre,  glistening  and  metallic.  Fracture,  hackly  and  tissular.  H  — 
2.6  to  3.  Gr.,  19.4.  It  is  malleable  and  unaltered  by  exposure,  and  is 
easily  cat  and  flattened  under  the  hammer,  which  distinguishes  it  from 
copper  and  iron  pyrites,  which  crumble  under  the  hammer. 

BiLTER.  Sulphuret  of.  Comp.,  Ag.  87,  S18.  It  is  soluble  in  nitric 
acid.  Found  in  primary  and  secondary  rocks,  with  other  ores  of  silver. 
Gives  off  sulphurous  odor  when  heated  in  the  flame  of  a  blow  pipe  flame. 
Found  in  cubes  and  octohedrons,  reticulated.  Imperfect  at  cleavage,  is 
malleable,  amorphous  and  in  plates.  Color,  blackish,  lead  gray,  with  a 
shining  streak.     L  =  metallic,  F.  flat  and  conchoidal.   H2.8.    Gr.,  7. 

iSSeer,  naUve.  Usually  alloyed  with  gold,  bismuth  and  copper.  Found 
in  primary  and  secondary  rooks,  often  in  penetrating  crystals,  or  amor- 
phous in  common  quartz,  with  copper  and  cobalt.  It  is  fusible  into  a 
globnle.  Color,  silver  white,  but  often  gray  or  reddish.  It  is  seldom 
iomd  massive,  bnt  often  in  plates  and  spangles,  dentiform,  filiform  and 
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aboreaoent.    Crystallixod  in  eubes,  ootohedronB,  lamellar  and  ramose, 
with  no  oleayage.    L=  splendent  to  shuilng.    F.,  fine  hacklj.     H2.6  to 

3.  Gr.,  10.4 

Sulphuret  of  Silver  and  Antimony,  Comp.  81 6,  Sb.  14.7,  Ag.  68.5, 
Cu.  6.  Found  in  the  primarj  rocks,  such  as  granite  and  clay  slate,  with 
native  siWer  and  copper.  It  is  found  massiTS  and  in  componnd  crystals, 
having  an  imperfect  cleaTage.  Color,  iron  black.  L  =  metallic  F.,  con- 
choidal.   H2.2.   Gr.,  6.8. 

Chloride  of  Silver,  Comp.,  Ag.  75,  chlorine  25,  Found  iA  the  primary 
rocks  with  other  ores  of  silver.  Massive,  seldom  columnar,  often  inerust- 
ing,  in  cubes,  with  no  distinct  cleavage,  also  reniform  and  aelonlar. 
Color,  pearly  gray,  greenish,  blue  or  reddish,  with  a  shining  streak. 
Lustre,  resinous  to  adamantine. 

Mercury,  native.  Found  in  Austria,  Spain,  Peru,  Hungary  and  Cali- 
fornia.   Found  in  fluid  globules.     Color,  tin  white.    Gr.,  13.6. 

Sulphuret  of  Mercury,  or  Cinnabar,  Comp.,  mercury  s.  14.75.  Foun 
chiefly  in  the  new  red  sandstone,  sometimes  in  mica  slate,  Umestone, 
gneiss,  graywack,  beds  of  bituminous  shale  of  coal  formation.  In  Cali- 
fornia, at  the  Almaden  mines,  it  is  found  in  greenish  talcoae  rock. 
Color,  brownish  black  to  bright  red,  cochineal  red,  lead  gray,  sometimes 
a  tinge  of  yellow.  Found  massive,  six-sided  prisms,  sometimes  fibrous, 
with  a  streak  of  scarlet  red.  It  evaporates  before  the  blow  pipe  and  does 
not  give  off  allioaceous  fumes.  L  =  metallic  to  unmetallic  Fracture, 
perfect,  fibrous,  granular  or  in  thin  plates.     H2.8.     Gr.,  7  to  8. 

Lbad.  Native.  Rarely  met.  It  has  been  found  in  the  County  of  Kerry 
in  Ireland,  Carthagena  in  Spain,  and  Alston  moor,  in  the  County  of  Cum- 
berland, England. 

Sulphuret  of  Lead,  or  Oalena.  Comp.,  Pb.  86.5,  818.8.  Found  in 
veins,  beds  and  imbedded  masses,  in  primary  and  secondary  mountains, 
but  more  frequently  in  the  latter,  particularly  in  limestone.  The  indica- 
tions are  calc  spar,  mineral-blossom,  red  color  of  the  soil,  crumbling  of 
magnesian  limestone  and  sink-hole  appearance  of  the  surface.  Color, 
leaden  or  blackish  gray.  '  Found  amorphous,  reticulated  and  ciystalUied 
in  cubes  and  octohedrons,  with  a  perfect  cleavage,  parallel  to  the  planes 
of  the  cubes.     L  =  metallic.   F.,  lamellar  and  brittle.   Gr.,  7.6. 

Sulphate  of  Lead.  Comp.,  Pb.  78,  sulphuric  acid,  27.  It  is  produced 
from  the  decomposition  of  galena,  and  found  associated  with  galena 
Color,  white,  sometimes  green  or  light  gray.  Found  massive,  granular, 
lamellar,  and  often  in  slender  crystals.  L  =  vitreous  or  resinous.  F., 
brittle.   H2.8  to  3.    Gr.,  6.8  to  6.5. 

Minium  or  Red  Lead.  Found  with  galena  in  pulverulent  state.  Color, 
bright  red  and  yellow.     Gr.,  4.6. 

Phosphate  of  Lead.  Comp.,  Pb.  78.6,  phosphorio  acid  19.7,  hydrooh* 
loric  acid  1.7.  Color,  bright  green  or  orange  brown.  Found  in  hexa- 
gonal prisms,  reniform,  globular  and  radiated.    Streak,  white.     H8.S  to 

4.  Gr.  6.6  to  7. 

Chromate  of  Lead.     Found  in  gneiss.    Color,  bright  red,  with  a  strask 
*  of  orange  yellow.    Found  massive  and  in  oblique  rhombic  prisms. 

Black  Lead,  Plumbago,  or  Graphite,  Found  in  gneiss,  mica,  granular 
limestone,  clay  slate,  and  generally  in  the  coal  formation.    Color,  iron 
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black.  LoBtre,  metallio.  In  six-sided  prisms,  foliated  and  massive. 
H  =  1  to  2.    Gr.,  2. 

Iboh.  Native,  Is  found  in  meteorites^  alloyed  with  nickel.  It  is 
masaiTe,  magnetic,  malleable  and  ductile.  F  ^^hackley.  H4.6.  Gr.  7.8 
to  7.8.    A  specimen  in  Tale  College  contains  Fe.  9.1  and  Ni.  9. 

Iron  PyrUn,  or  Bisulphwet  of  Iron.  Occurs  in  roolcs  of  all  ages  and  in 
Uvas.  Found  usually  in  cubes,  pentagonal,  dodecahedrons  or  octo- 
hedrons.  Also  massiTo.  Color,  bronze  yellow,  with  a  brownish  streak. 
Lustre,  metalfo  and  splendent  Brittle.  H  =  6  to  6.5.  Gr.  4.8  to  5.1. 
Strikes  fire  with  steel,  and  is  not  magnetic.     Comp.,  Fe.  45.74,  854.26. 

Auriferous  Iron  Pyrites.    Is  that  which  contains  gold. 

Magnetic  Pyrites,  or  Sulphuret  of  Iron.  Found  massive,  and  sometimes 
in  hesagonal,  tabular  prisms.  Color,  bronze  yellow  to  copper  red,  with 
a  dark  streak.  F  =  brittle.  H3.5  to  4.5.  Gr.  4.6  to  4.65.  Slightly 
magnetio.  Comp.,  Fe.  59.6,' 840. 4.  This  ore  is  not  so  hard  as  the  bi- 
a^lphuret  of  iron,  and  is  of  a  paler  color  than  copper  pyrites. 

Moffnetie  Iron  Ore.  Found  in  granular  masses,  octohedrons,  dodeca- 
hedrons, granite,  gneiss,  mica,  clay  slate,  hornblende,  syenite,  chlorite, 
slate  and  limestone.  Color,  iron  black,  with  a  black  streak.  F  =  brit- 
tle. H5.5  to  6.5.  Gr.,  5  to  5.1.  Highly  magnetic.  Comp.,  Fe.  71.8, 
oxygen  28.2.     This  is  the  most  useful  and  diffused  iron  ore. 

£^Mcular  Iron  Ore,  Peroxide  of  Iron.  Found  massive,  granular,  micace- 
ous, sometimes  in  thin,  tabular  prisms.  Color,  dark  steel  gray  or  iron 
black.  Lustre,  often  splendent,  passing  into  an  earthy  ore  of  a  red 
color,  yielding  a  deep  red  color  without  lustre.  H  =s5.5  to  6.5.  Gr.,  4.5 
to  5.3.    Slightly  magnetio. 

The  Specular  Variety.    Has  a  highly,  metallic  lustre. 

Jfieoeseoitf,  ^^eadat  Iron  Ore.    Has  a  foliated  structure. 

Bed  Oehre,  Often  contuns  day,  is  soft  and  earthy.  It  is  more  com- 
pact than  red  chalk. 

Bo0  Iron  Ore.  Occurs  in  low  ground ;  is  loose  and  earthy ;  of  a  brown- 
ish, black  color. 

Clay  Iron  Stone.  Has  a  brownish  red,  jaspery  and  compact  appear- 
ance. Comp.  of  specular  iron  are  Fe.  69.3,  oxygen  80.7.  The  celebrated 
iron  mountains  of  Missouri  are  composed  of  specular  iron  ore.  One  of 
tiie  mountains  is  700  feet  high.  There,  the  massive,  micaceous  and 
ocbreoua  varieties  are  combined. 

Chromate  of  Iron.    Found  massive  and  octohedral  crystals,  in  serpent- 
ina rocks,  imbedded  in  veins  or  masses.    Color,  iron  and  brownish  black, 
with  a  dark  streak.     L  =s  sub-metallic.    H5.5.    Gr.,  4.8  to  4.5.     When 
reduced  to  small  fragments,  it  is  magnetio.    Comp.,  chromium  60,  pro- 
'  tcxide  of  iron  20.1,  alumina  11.8,  and  magnesia  7.5. 

Carbonate  of  Iron.  Found  principally  in  gneiss  and  graywack,  also  in 
rocks  of  all  ages.  Found  massive,  with  a  foliated  structure,  in  rhombo- 
hedroBs  and  hexagonal  prisms.  Color,  light  gvay  to  dark  brown  red ; 
blackens  by  exposure.  L  =  pearly  to  vitreous.  H8  to  4.5.  Gr.,  8.7  to 
3.8.  Comp.,  protoxide  of  iron  61.4,  carbonic  acid  88.6.  This  ore  is 
extensively  used  in  the  manufacture  of  iron  and  steel.  These,  with  the 
magnetic,  specular,  bog  ore  and  clay  ironstone,  are  the  principal  sources 
of  the  iron  commeroe. 
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EXAMINATION  OF  A  SOLID  BODY. 

SIOl.  Note  ita  Btste  of  aggregate,  hardness,  specific  graTitj,  fracture* 
lostre,  color,  locality  and  associates.  Heat  a  portion  of  the  sabetance, 
(redaoed  to  a  fine  powder)  in  a  test  tnbe ;  if  no  change  of  color  appears, 
it  is  free  from  organic  maUer, 

It  is  free  from  water,  if  there  is  no  change  of  weight 
If  organic  matter  is  present,  it  blackens  first,  then  reddens. 
No  organic  matter  is  present,  if  it  entirely  Tolatiliies. 
Itia  a  compound  of  two  or  more  substances,  when  only  a  portion  volat- 
ilises. 
It  it  an  alkaU  or  alkaline  earth,  if  it  ftises  without  any  other  change. 
Is  it  soluble,  insoluble,  or  partially  soluble  in  water  T 
Is  it  soluble  with  boiling  dilute  hydrochloric  acid  ? 
Take  two  portions  of  the  substance,  bum  one  part,  and  to  the  other, 
add  dilute  hydrochloric  acid ;  if  no  efferresoence  takes  place  until  we  put 
dilute  add  on  the  burnt  substance,  it  shows  the  presence  of  an  organic 
add. 

The  substance  may  be  either  a  borate,  carbonate,  chlorate,  nitrate, 
phosphate  or  sulphate. 

Boratea.  The  alkaline  borates  are  soluble  in  water,  the  others  are 
nearly  insoluble.  They  are  decomposed  in  the  wet  way  by  sulphuric, 
nitric  and  hydrochloric  acids,  thus  liberating  boracic  acid.  If  the  mix- 
ture of  any  borate  and  fluorspar  be  heated  with  sulphuric  acid,  fluoride 
of  boron  is  disengaged,  recognized  by  the  dense,  white  fumes  it  giyes  off 
in  the  air,  and  its  mode  of  decomposition  by  contact  with  water.—JSi!^ 
naidtt, 

Otherwiec.  From  moderately,  dilute  solutions  of  borates.  Minenl 
acids  separate  boracic  acid,  which  crystallizes  in  scales. 

Othermtc.  Heat  the  solution  of  a  borate  with  one-half  its  Tolune  of 
concentrated  sulphuric  acid  and  the  same  of  alcohol.  Kindle  the  latter. 
The  boracic  acid  imparts  a  fine  green  color  to  the  flame.  Stir  the  mix- 
ture whUst  burning.  Melt  the  borate  with  two  parts  of  fluorspar  and  one 
of  bisulphuret  of  potash  in  a  dark  place ;  the  flame  at  the  instant  of 
fusion  is  tinged  green. 

Carbonatee,  Dissolved  in  cold  or  heated  acids,  disengage  carboue 
acid  with  a  liyely  effervescence,  which,  if  conducted  through  a  tube 
into  lime  water,  gives  the  latter  a  milk-white  appearance.  This  gas  will 
also  slightly  redden  blue  litmus  paper  previously  moistened ;  but  heat 
restores  the  blue  color.  If  the  gas  is  collected  in  a  tube,  and  a  small 
lighted  taper  let  down  into  it,  it  will  be  extinguished. 

An  engineer  constructing  tunnels  or  subterraneous  works,  will  find  the 
above  tests  sufficient  to  warn  him  of  approaching  danger  from  **foal  sir" 
or  "choke  damp."  Water  absorbs  an  equal  bulk  of  this  gas,  henee  the 
benefit  of  workmen  throwing  down  a  few  buckets  of  water  into  a  well, 
previous  to  going  down  into  it  after  recess.  Although  the  above  teetB 
will  detect  the  presence  of  carbonic  acid  in  subterraneous  work,  where 
the  air  may  be  impure,  it  requires  the  greatest  caution  on  the  pari  of 
the  engineer  to  preserve  the  health  of 'the  workmen. 

Carbonic  acid,  is  inodorous  and  tasteless.    Sulphuretted  hydrogen  has  J 
the  odor  of  rotten  eggs,  and  is  often  found  in  subterraneous  works. 
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Alkaline  carbonates  are  soluble,  the  other  carbonates  are  not. 

IfUrata.  All  nitrates,  excepting  a  few  sub-nitrates,  are  soluble  in 
water. 

A  solid  nitrate,  heated  with  concentrated  sulphuric  acid,  eyolyes  fumes 
of  nitrous  acid,  sometimes  accompanied  bj  red-brown  Tapors  of  peroxide 
of  nitrogen. 

Otherwue,  heat  the  nitrate  with  concentrated  sulphuric  acid,  then  put 
in  a  slip  of  clean  metallic  copper,  red  yapors  of  peroxide  of  nitrogen  are 
OTolTed. 

Oihertnsef  to  a  solution  of  a  nitrate,  add  its  bulk  of  concentrated  sul- 
pharic  acid.  When  cool,  suspend  a  crystal  of  protosulphate  of  iron, 
(green  copperas.)  After  sometime,  a  brown  ring  wiU  appear  about  the 
crystal.    The  liquid  in  this  case  must  not  be  stirred  or  heated. 

Pho8phate8,  Generally  dissolve  in  nitric  and  hydrochloric  acids. 
Sulphuric  acid  does  not  give  any  reaction,  but  generally  decomposes 
them.  With  phosphates  soluble  in  water,  nitrate  of  silver  gives  a  lemon- 
yellow  phosphate  of  silver.     Is  soluble,  with  difficulty,  in  acetic  acid. 

Phosphattt.  Insoluble  in  water,  are  dissolved  in  nitric  acid,  then  this 
solution  is  neutralized  by  ammonia ;  to  this  neutral  mixture,  the  nitrate 
of  silver  test  gives  the  above  yellow  color. 

Segquiazide  of  Iron.  In  an  alkaline  solution  of  a  phosphate,  gives  an. 
almost  white  gelatinous  precipitate  of  phosphate  of  sesquioxide  of  iron. 
Insoluble  in  acetic  acid. 

Molybdate  of  Ammonia,  added  to  any  phosphate  solution,  and  then 
nitric  or  hydrochloric  acid  added  in  excess,  a  yellow  color  soon  appears, 
and  subsequently  a  yellow  precipitate. 

This  is  a  very  characteristic  test.  The  substance  ought  to  be  first 
dissolved  in  nitric  acid,  and  then  nearly  neutralized  before  adding  the 
molybdate  of  ammonia. 

Sulphates.  Nearly  all  the  sulphates  are  soluble  in  water.  They  do 
not  effervesce  with  acids.  This  distinguishes  them  from  carbonates. 
The  sulphates  of  baryta,  strontia  and  lead,  are  nearly  insoluble ;  that  of 
lime  il  slightly  soluble. 

From  all  the  soluble  sulphates,  nitrate  of  baryta  or  chloride  of  barium, 
Uirows  down  a  white  precipitate  insoluble  in  nitric  acid,  which  is  a 
characteristic  property  of  the  sulphates.  In  applying  this  test,  the 
solution  ought  to  be  neutral  or  nearly  so.  This  can  be  done  by  adding 
Magnesia  to  the  solution  so  as  to  render  it  equal  to  sulphate  of  magnesia, 
MgO,  803. 

BLOW  PIPE  EXAMINATIONS. 

SIOm.  Heat  a  portion  of  the  substance  on  charcoal,  in  the  inner  flame 
of  the  blow  pipe. 

If  potash  or  soda,  the  flame  is  tinged  yellow. 

If  an  alkaline  earth,  (barium,  calcium,  strontium,  magnesium,)  it  will 
ndiate  a  white  light,  and  is  infusible.  Now  moisten  this  infusible  mass 
with  nitrate  of  cobalt  and  heat  again. 

If  the  flame  becomes  blue,  alumina  is  present. 

If  green,  oxide  of  zinc. 

IfpaUpink,  magnesia;  but  ii^ silica,  it  will  ftise  into  ft  eolorlesf  bead, 
w  the  addition  of  carbonate  of  soda. 

in 
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If  A  bead,  or  colored  infusible  residue  is  formed,  mix  it  witli  carbonate 
of  soda,  and  heat  on  charcoal  in  the  inner  flame  of  the  blow  pipe. 

If  tin y  copper,  silver  or  gold,  are  present,  a  bead  of  the  metal  will  be 
formed,  without  any  incrustation  on  the  charcoal. 

If  iron,  cobalt  or  nickel,  are  present,  the  metal  will  be  mixed  up  with 
the  carbonate  of  soda,  giTing  the  bead  a  gray  opaque  appearance. 

If  zinc  or  antimony,  it  will  give  a  white  deposit  around  the  bead. 

If  lead,  bismuth  or  cadmium,  a  yellow  or  brown  deposit 

« 

QUALITATIVE  ANALYSES  OF  METALLIC  SUBSTANCES. 

810n.  Let  M  =  equal  the  mass  or  substance  to  be  analyzed.  We 
reduce  it  to  a  fine  powder  and  boil  with  hydrochloric  acid,  so  as  to  reduce 
it  to  a  chloride,  but  if  we  suspect  the  presence  of  a  metal  not  soluble 
by  the  above,  we  boil  it  with  aqua  regia  ( =  nitro-hydrochloric  add) 
until  it  is  dissolved ;  then  we  evaporate  and  boil  again  with  dilute 
hydrochloric  acid  and  evaporate  to  dryness,  and  so  continue  till  every 
trace  of  nitric  acid  disappears.  We  have  the  metals  now  reduced  to 
chlorides,  which  are  soluble  in  distilled  water.  The  solution  is  now  set 
aside  for  analysis,  which  is  to  be  acid,  neutral  or  alkaline,  as  the  nature 
of  the  reagent  may  require. 

The  solution  is  acid  if  it  changes  blue  litmus  paper  red,  and  alltaline, 
if  it  changes  red  litmus  paper  blue,  or  turmeric  paper  brown. 

Taylor  gives  nitro-prusside  of  sodium  as  a  very  delicate  test  for  alkali. 
He  **  passes  a  little  hydrosulphuric  acid  into  the  solution  to  be  examined, 
and  then  adds  the  solution  of  the  nitro-prusside  of  sodium,  which  gives 
a  magnificent  rose,  purple,  blue  or  crimson  color,  according  to  the  strength 
of  the  alkaline.  This  will  indicate  an  alkali  in  borates,  phosphates, 
carbonates,  and  in  the  least  oxideable  oxides,  as  lime  and  magnesia." 

The  metals  are  divided  into  groups  or  classes. 

Class  I.  Potash  =  EO,  soda  =  NaO,  and  ammonia  NHs.  None  of 
these,  in  an  acidified  solution,  gives  a  precipitate  with  hydrosulphuric 
acid,  hydrosulphatc  of  ammonia,  or  carbonate  of  soda. 

Class  II.     Magnesia,  MgO.   Lime,  CaO.    Baryta,  BaO.    Strontia,  SrO. 

None  of  these  gives  a  precipitate  with  hydrosulphuric  acid,  or  hydro- 
sulphate  of  ammonia. 

Carbonate,  or  phosphate  of  soda,  with  either  of  this  class,  gives  a 
copious  white  precipitate  insoluble  in  exce^^s. 

Class  III.     Alumina  =  A1203.  Oxide  of  nickel  NiO. 

Oxide  of  zinc  ZnO.  Oxide  of  cobalt  CoO. 

Oxide  of  chromium.  Protoxide  of  iron  FeO. 

Protoxide  of  manganese  MnO.  Per  oxide  of  iron  Fe^^ 

In  neutral  solutions  these  metals  are  precipitated  by  hydrosulphate  of 
ammonia. 

In  a  slightly  acid  solution,  hydrosulphuric  acid  gives  no  precipitate 
excepting  with  peroxide  of  iron,  with  which  it  gives  a  yellowish  white 
prec. 

Class  IV.  Arscnious  acid  AsO^,  arsenic  acid  AsO*,  teroxide  of  anti- 
mony SbO^,  oxide  of  mercury  IlgO,  peroxide  of  mercury  Hg02,  oxides 
of  lead,  copper,  silver,  tin,  bismuth,  gold  and  platinum. 

All  of  this  class  arc  precipitated  from  their  acid  solution  by  hydrosul- 
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phnrio  aoid.  We  can  thus  determine  to  which  of  the  four  classes  of 
metus  the  substance  under  examination  belongs. 

POTASB,  in  a  solution  of  chloride  of  potassium. 

*  Bichloride  of  platinum,  in  a  neutral  or  slightly  acid  solution,  gives 
a  fine  yellow  crystalline  prec.,  =  KCl.  Pt.  Cl^,  sligtly  soluble  in  water, 
bat  insoluble  in  alcohol ;  somewhat  soluble  in  dilute  acids.  When  the 
solution  is  dilute,  evaporate  it  with  the  reagent  on  a  water  bath,  and 
then  digest  the  residue  with  alcohol,  when  the  above  yellow  crystals  will 
appear. 

Tartaric  add.  Let  the  solution  be  concentrated,  then  add  the  reagent, 
and  agitate  the  mixture  with  a  glass  rod  for  some  time,  and  let  it  remain, 
wheii  a  white  prec,  slightly  soluble  in  water,  will  appear,  the  prec  = 
KO.  HO.  C8  H4  010. 

Blow  Pipe  flame.     Wash  the  platinum  wire  in  distilled  water,  then 
place  a  piece  of  the  salt  to  be  examined  on  the  wire,  which  will  give  a 
\  violet  color  to  the  outer  flame. 

\  Alcohol  flame^  having  a  potash  salt  in  solution,  gives  the  same  reaction 

\  as  the  last. 

\  Soda,  in  a  solution  of  sulphate  of  soda. 

Bichloride  of  pUuinuniy  added  as  for  potassa,  then  evaporated,  will  give 
t  yellow  needle-shaped  crystals  different  from,  that  by  potassa.     The  prec. 

\  is  readily  soluble  in  water  and  alcohol. 

^  Antimoniale  ofpoiath.     Let  the  solution  and  the  reagent  be  eoncen- 

'-  trated,  and  the  solution  under  examination  slightly  alkaline  or  neutral ; 

[  thea  apply  the  reagent,  which,  if  soda  is  present,  will  produce  a  white 

crystalline  prec.  of  antimoniate  of  soda, 
f  BUno  Pipe.    Hold  the  salt  on  the  platinum  wire  in  the  inner  or  reducing 

flame,  it  wilLpnpart  a  golden  yellow  color  to  the  outer,  or  oxidizing  flame. 

{  Oxide  o%AMBfO)iinM,  NHK),  in  a  solution  of  chloride  of  ammonium. 

I  Bichloride  of  platinum  gives  the  same  reaction  as  for  potassa.     If  we 

have  a  doubt  whether  it  is  potassa  or  ammonia,  ignite  the  precipitate 
and  digest  the  residue  with  water,  then,  if  nitrate  of  silver  be  added, 
and  gives  a  precipitate,  it  shows  the  presence  of  potassa.  In  this  case 
we  must  take  care  that  all  traces  of  hydrochloric  acid  are  removed. 

Heated  m  a  test  tube.  If  the  substance  be  heated  in  a  test  tube  with 
some  hydrate  of  lime,  or  caustic  potassa  or  soda,  it  will  give  off  the  pecu- 
liar odor  of  ammonia,  and  changes  moistened  turmeric  paper  brown  and 
red  litmas  paper  blue.   If  this  does  not  happen,  we  say  ammonia  is  absent. 

Bahtta,  =  BaO,  in  a  solution  of  chloride  of  barium. 

Sulphuric  add.  White  prec.  in  very  dilute  solution,  insoluble  in  dilute 
acids. 

Sulphate  of  Ume,  in  solution,  gives  an  immediate  prec,  requiring  500 
times  its  weight  of  water  to  dissolve  it. 

Oxalate  of  ammonia.  White  prec.  readily  sol.  in  free  acids.  This  is 
the  same  reaction  as  for  lime,  but  it  requires  a  stronger  solution  of  baryta 
than  of  lime. 

Flame  of  alcohol,  containing  baryta,  is  yellowish,  and  is  different  from 
that  of  lime,  which  has  a  reddish  tinge,  and  strontia,  which  is  carmine. 
'  Blow  Pipe,  in  the  inner  flame,  the  substance  strongly  heated  on  plati- 

*  Tbtom  marked  with  an  Mterisk  are  the  most  delicate  teete. 
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nam  wire,  imparts  a  light  green  color  to  the  outer  flame.    If  th^  sub- 
stance be  insoluble,  first  moisten  it  with  dilute  hydrochloric  aeid. 

Lime,  =  CaO,  in  a  solution  of  chloride  of  calcium. 

Oxalate  of  ammonia.  Let  the  solution  be  neutralized  with  muriate  of 
ammonia ;  then  add  the  reagent,  which  will  give  a  copious  white  prec.  of 
oxalate  of  lime,  soluble  in  hydrochloric  acid,  but  insoluble  in  acetic  aeid. 
This  detects  lime  in  a  highly  diluted  solution. 

Sulphuric  acid,  dilute.  In  concentrated  solution  gives  an  immediate 
prec.  soluble  in  much  water,  which  is  not  the  case  with  baryta. 

Blow  Pipe.  Heated  in  the  inner  flame,  gives  an  orange  red  color  to  the 
outer  flame.  Moisten  an  insoluble  compound  with  dilute  hydrochloric 
acid  before  this  test. 

Burnt  with  alcohol,  the  flame  will  be  a  reddish  tint,  but  not  so  red  as 
that  given  by  strontia. 

Stbontia  =r  SrO.     In  a  solution  of  chloride  of  strontium. 

Oxalate  of  amjnonia,  in  concentrated  solution,  a  white  prec,  but  not  in 
dilute  solution.     This  distinguishes  strontia  from  lime. 

Sulphate  of  lime.  The  prec;  will  be  formed  after  some  time  even  in  a 
concentrated  solution.  This  distinguishes  strontia  from  baryta.  (Set 
abo.ve. ) 

Sulphuric  add  gives  an  immediata  prec.  in  a  concentrated  solution,  but 
only  after  some  time  in  a  dilute  one,  where  the  prec.  will  be  minute 
crystals. 

In  the  flame  of  alcohol^  stir  the  mixture,  and  a  beautiful  carmine  color 
is  produced. 

Blow  Pipe,  in  the  inner  flame,  an  intense  carmine  red.  Moisten  the 
insoluble  compound  with  dilute  M.Cl  as  above  for  lime  and  baryta. 

Note.  Sulphuric  add  gives,  with  a  weak  solution  of  linfii  no  precipi- 
tate ;  with  chloride  of  barium,  an  immediate  white  p. ;  wnn  a  weak  so- 
lution of  strontia,  a  prec.  after  some  time.  The  prec.  from  baryta  and 
strontia  are  insol.  in  nitric  acid,  but  that  from  lime  is  sol. 

Magnesia  MgO.,  in  a  solution  of  sulphate  of  magnesia  MgO.  SOS. 

Phosphate  of  soda,  a  white,  highly  crystalline  prec.  of  phosphate  of 
magnesia  ==  2MgO.  IIO.  PO^.  In  this  case  the  solution  must  not  ba 
Tery  dilute.  By  boiling  the  solution  and  reagent  together  the  prec.  is 
more  easily  produced. 

Phosphate  of  soda  and  ammonia.  In  using  this  reagent,  add  ammonia 
or  its  carbonate,  which  makes  the  prec.  less  soluble.  Agitate  with  a 
glass  rod,  which,  if  it  touches  the  side  of  the  test  tube,  will  cause  the 
prec.  there  to  appear  first.  The  prec.  is  crystalline,  slightly  soluble  in 
water,  less  in  ammonia,  but  readily  in  dilute  acids ;  .*.  the  solution  mast 
be  ammoniacal.  Ignite  this  prec,  the  ammonia  is  driven  off,  and  the 
residue  ■=  phosphate  of  magnesia  =  2MgO,  P05. 

Blow  Pipe.  Moisten  the  substance  with  nitrate  of  cobalt,  and  heat  in 
the  blow-pipe,  the  compound  assumes  a  pale  flesh  or  rose  color. 

Note.     Sulphate  of  lime  gives  a  prec.  with  baryta  and  strontia. 

Oxalate  of  ammonia  gives  a  prec.  with  a  very  dilute  solution  of  lime, 
but  only  with  a  concentrated  solution  of  magnesia  and  strontia,  and  in  a 
much  stronger  sol.  of  baryta  than  lime. 

Phosphate  of  soda,  with  lime,  a  gelatinous  precipitate. 
do         do        with  magnesxa. 
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Sydrofluomlie  aad,/§^  a  solution  of  baryta,  gives  a  white,  transparent 
prec  By  eyaporating  the  prec.  to  dryness,  and  washing  the  residue 
wiih  aloohol,  we  obtain  all  of  the  silico^fluoride  of  barium  undissolved. 
If  the  sol.  is  dilute,  the  prec.  will  be  after  some  time. 

Aluvina,  (AI^OS,)  in  a  sol.  of  snlphate  of  alumina. 

Cauttie  Ammonia,  (NH^,)  gives  a  semi-transparent,  gelatinous,  bulky 
prec.  nearly  insol.  in  excess  of  the  ammonia. 

CauMtic  Potashf  (KO,)  gives  a  similar  prec.  soluble  in  an  excess  of  the 
reagent,  but  if  we  add  chlorate  of  ammonia  to  the  solntion,  the  alumina 
IB  again  precipitated. 

Ht/drosulphate  of  Ammonia^  added  to  a  neutral  solution,  gives  a  white 
prec.  of  hydrate  of  alumina,  (A1208,  IIO)  and  hydrosulphuric  acid  is 
liberated. 

Pko$pkate  of  Soda,  white  prec,  sol.  in  mineral  acids;  nearly  insol.  in 
acetic  acid. 

LisK  Water,  precipitates  alumina. 

RoTX.  Ammonia  in  excess  precipitates  alumina,  but  not  magnesia  or 
the  other  alkaline  earths. 

Cjnoxirv,  (Cr208,)  in  a  sol.  of  sulphate  of  chrom. 

Btfdrotulph.  Acid,  in  neither  acid  or  neutral  solutions,  gives  no  prec. 

Uydrotulphate  of  Ammonia^  in  a  neutral  solution,  gives  a  dark  green 
prec.  insoL  in  excess  of  the  reagent. 

CaiM/ic^mfRouM,. if  boiled  with  the  solution,  will  produce  the  same  as 
the  last.  If  not  boiled,  a  portion  of  the  prec.  will  re-dissolve,  giving 
the  liquid  a  pink  cq]or. 

^vm  Pipe.  Rednce  the  substance  to  a  sesquioxide  of  chromium,  which 
will  give  in  the  inner  flame  a  yellowish  green  glass,  and  in  the  outer 
flame  a  brtght  emerald  green. 

Heat  viih  a  mixture  of  nitrate  of  potash  and  carbonate  of  soda ;  a 
yellow  bead  is  formed.  Dissolve  this  bead  in  water  acidulated  with 
nitric  acid,  and  add  acetate  of  lead ;  a  bright  yellow  prec.  of  chromate  of 
lead  is  formed. 

Pbroxidb  of  Ibon.  In  a  solution  of  snlphate  of  iron,  FeO.  SOs- 
The  eompound  is  boiled  with  nitric  acid  to  oxidize  the  metal,  and  then 
evaporated  to  dryness. 

ffffdrottUphurie  Acid,  gives  no  precipitate. 

Svlpkide  of  Ammonium,  precipitates  the  iron  completely  as  a  black  pre- 
dpitate  of  sulphide  of  iron,  FeS,  which  is  insoluble  in  an  excess  of  the 
precipitant 

The  above  precipitate  when  exposed  for  some  time  to  the  air,  becomes 
brown  sesquioxide  of  iron. 

Fenoejfamde  of  Potdstium,  (pmssiate  of  potassro,)  light  blue  precipitate 
of  RPcSCfyS.  Th^  precipitate  is  insoluble  in  dilute  acids.  This  is  ths 
not(  delicate  test  for  iron. 

Stdphoetfanide  of  Potassium.     A  red  solution,  but  no  precipitate. 

Thitivrt  of  Galls,     Bluish  black  in  the  most  dilute  solution. 

Coiutic  Potash,     Reddish  prec.  sol.  in  excess. 

Cms/ie  Ammonia  the  same,  insol.  in  excess. 

Bloie  Pq>e,  heated  on  a  platinum  wire  with  borax  in  the  outer  flame, 
gives  a  brownish  red  glass,  which  assumes  a  dirty  green  color  in  the 
iuMr  or  rtdacing  flame. 
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Oxide  of  Cobalt.     CoO,  in  a  solation  of  nitmUbof  chloride  of  eobalt 

Ammonia^  when  the  solution  does  not  contain  free  acid,  or  mnch 
ammoniaoal  salt,  the  metal  is  partially  precipitated  as  a  bluish  precipitate, 
readily  soluble  in  excess  of  the  reagent,  giving  a  reddish  brown  solatioii. 

Sulphide  of  Ammonium.  A  black  precipitate  of  sulphide  of  cobalt,  GoS, 
soluble  in  nitric  acid,  but  sparingly  in  hydrochloric  acid. 

Sesquicarbonate  of  Ammonia,  A  pink  prec.  CoO,  C02  readily  soluble  in 
excess,  giving  a  red  solution. 

Solution  o/Fotasta.     Blue  prec  changing  by  heat  to  violet  and  red. 

Ferrocyanide  of  Potatsium,     A  grayish  green  prec. 

BHw  Pipe.  In  both  flames  w'ith  borax,  a  beautiful  blue  glass  whose 
color  is  scarcely  affeeted  by  other  oxides.  In  this  reaction  the  cobalt 
must  be  used  in  a  small  quantity. 

OxiDB  or  NiCKBL,  NiO  in  a  sol.  of  sulphate  of  nickel,  NiO,  803+7^0. 

Hydro9ulphate  of  Ammonia.  Black  prec.  from  neutral  solution,  slightly 
sol.  in  excess  of  the  reagent^  if  the  ammonia  is  yellow.  The  prec.  is  soL 
in  N06  ^nd  sparingly  in  HCI. 

Hydroaulphuric  Acid  in  acidified  sol.,  no  prec,  but  in  neutral  soL,  it 
gives  a  partial  prec. 

'**'  Caustic  Ammonia,  A  light  green  prec.  sol.  in  excess,  giving  a 
purplish  blue  solution.  In  this  case  any  salt  of  ammonia  must  be 
absent. 

Caustic  Pot€uh,     Apple  green  prec.  iusol.  in  excess. 

Ferrocyanide  of  Potassium^  greenish  white  prec.  Cyanide  of  potassium, 
yellowish  green  prec.  sol.  in  excess,  forming  a  dull  yellow  sol.  From 
this  last  sol.,  808  precipitates  the  nickel.  ^ 

Blow  Pipe.  Any  compound  of  nickel  with  carbonate  of  soda  or  borax 
in  the  inner  flame,  is  reduced  to  the  metallic  state,  forming  a  dusky  gray 
or  brown  beads.  In  the  outer  flame  the  bead  is  violet  while  hot,  becom- 
ing brown  or  yellow  on  cooling. 

Oxide  or  Manoanxse  =  MnO  in  a  solution  of  sulphate  of  manganese  ' 
=  MnO,  S08  -f  7HO. 

*  Uydrosulpkate  of  Ammonia  in  neutral  sol.  gives  a  bright  ftesh  o<^oied 
gelatinous  prec.  becoming  dark  on  exposure  to  the  air.  It  is  insoluble  in 
excess  of  the  reagent,  but  sol.  in  HCI  and  N0&. 

*  Caustic  Ammonia^  if  free  from  muriate  of  ammonia,  gives  a  white  cr 
pale  flesh  colored  =  MnO,  HO,  becomes  browji  in  air. 

*  Caustic  Potash^  the  same  as  the  last,  but  muriate  of  ammonia  does 
not  entirely  prevent  the  precipitate. 

Carbonate  of  Potash,  or  Ammoniay  white  prec.  which  does  not  darken 
so  readily  as  the  above.     It  is  slightly  soluble  in  chloride  of  ammoniom. 

Blow  Pipe.  Mix  the  substance  with  carbonate  of  soda  and  a  Uttlt 
nitrate  or  potash,  and  heat  in  the  outer  flame ;  it  will  give  a  green  color, 
and  produce  manganate  of  soda,  which  will  color  water  green. 

If  the  substance  is  heated  with  borax  in  the  outer  flame,  it  will  pro- 
duce a  bead  of  a  purple  color ;  this  if  heated  in  the  inner  flame  vill 
cause  the  color  to  disappear. 

Oxide  or  Zino,  ZnO  in  a  solution  of  sulphate  of  sine,  Zn,  SO  4^700. 

*  Hydrosulphate  of  Ammonia^  in  neutral  or  alkaline  solution,  gives  > 
copious  white  curdy  prec.  if  the  zinc  is  pure.  If  iron  is  present  it  will 
be  colored  in4>roportion  to  the  iron  present  in  the  sol. 


QUALITATITS    ANALYSES.  72b79 

Bydrosu^hurie  Acid  in  acid  sol.  no  preo. 

Caustic  Ammoniay  or  Fotashj  a  white  gelatinous  preo.  soluble  in  excess. 
^Irom  either  solution  in  excess,  fayd.  sniph.  acid  (HS)  throws  down  the 
Kbite  preo.  of  sulphide  of  sino. 

Corbimaie  of  Poteuh,  when  no  other  salt  of  potash  is  present,  gives  a 

white  prec.  =  g  (ZnO,  HO)  -|-  ^  (ZnO,  C02)  insol.  in  excess  of  the  reagent. 

Blow  Pipe^  moistened  with  nitrate  of  cobalt  and  heated  in  the  outer 

'  t&me,  gives  a  pale  green  color  which  is  a  delicate  test  to  distinguish  it 

Ifioi  m&uganeBe,  alumina  and  cobalt. 

AssvKio  Acid  =  AsOC.  Boil  the  compound  with  HCl,  and  at  the 
VoOing  point,  add  nitrio  acid  as  long  as  red  flames  of  nitrous  vapor 
appear,  then  evaporate  slowly  so  as  not  to  redden  the  powder,  and 
expel  the  acid ;  then  dissolve  in  distilled  water  for  examination.  HS, 
added  to  the  above  sol.  slightly  acidified  with  HCl,  gives  no  immediate 
prec,  bat  if  allowed  to  stand  for  some  time,  or  if  heated  to  boiling  point, 
I  a  yellow  prec.  is  obtained.  Apply  the  gas  several  times,  always  heating 
I  to  boiling  point  each  time.  * 

Uyd.  Sulph,  of  Ammonia^  as  in  the  above  solution,  but  a  little  more  acid 
■■   gives  the  same  prec.  but  of  a  lighter  colon 

Ammxmia  nitrate  of  Silver.     In  a  neatral  solution  as  first  made,  add 
Bitrate  of  silver  which  gives  but  a  faint  cloudy  appearance ;  now  add 
I    ftmmonia  drop  by  drop  till  it  gives  a  yellow  preo.  of  arsenite  of  silver, 
I  which  is  very  soluble  in  alkali. 

KoTv.     The  same  prec.  is  obtained  from  the  presence  of  phosphate  of 
soda. 

Reineeh^  teet,  in  a  solution  acidified  by  adding  a  few  drops  of  hydro- 
dilorio  acid  is  a  very  delicate  test,  and  considered  nearly  as  delicate  as 
Marsh's. 
I       Boil  with  the  acidified  liquid  in  a  test  tube,  a  clean  strip  of  copper 
I    foil;  the  arsenic  will  be  prec.  on  the  copper  as  a  metallic  deposit.   Anti- 
moDy,  bismuth,  mercury  and  silver,  give  the  same  reduction  as  arsenic. 
In  order  to  determine  which  is  present,  take  out  the  copper  foil  and 
dry  it  between  folds  of  filtering  paper,  or  before  a  gentle  heat ;  place  it 
in  a  dry  test  tube  and  apply  heat ;  the  arsenic  being  volatile,  will  be 
deposited  in  the  upper  end  of  the  tube  as  a  crystalline  deposit,  using  but 
gentle  heat.     If  it  were  antimony  it  would  not  be  volatile,  and  "^ould  be 
deposited  as  a  white  sublimate,  insol.  in  water,  amorphous,  and  requir- 
ing more  heat  than  arsenic.     If  it  were  mercury,  it  would  be  in  small 
meiallic  globules. 

Monk' 9  testt  is  dangerous,  excepting  in  the  hands  of  an  experienced 
chemist.  Those  who  wish  to  apply  it,  will  find  the  method  of  using  it  in 
6ir  Robert  Kane's  Chemistry,  or  in  those  of  Graham,  FownCi  Bowman, 
•odothen. 

TnoxiDV  OF  Antimony  =  Sb08,  in  a  solution  of  chloride  of  antimony 
=  SbCla.  This  solution  is  made  by  dissolving  the  gray  ore,  or  bisulph- 
ide of  antimony  in  hydrochloric  acid;  the  solution  then  diluted  with 
water,  acidified  with  HCl,  is  examined. 

Bjfdroauipkurie  Acid,  gives  an  orange  red  prec.  of  8bS^,  insol.  in  cold 
dilute  acids,  soluble  In  potassa  and  sulphide  of  ammonia. 

ffydroeulphate  of  Ammonia.  Add  the  reagent  in  small  quantities ;  it 
viH  give  an  orange  prec.  of  SbS^,  soluble  in  excess. 
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Caustic  Ammonia,  or  Potasta.  Add  slowljr,  and  it  will  give  a  white 
prec.  of  teroxide  of  untimouj  =.Sb08,  soluble  in  excess. 

Water  in  excess.  A  white  prec.  which  crystallises  after  some  time,  and 
is  sol.  in  tartaric  acid.  ' 

Note.  The  same  reaction  is  had  with  bismuth,  but  the  prec.  is  not 
soluble  in  tartaric  acid. 

Apiece  of  zinc,  in  a  dilute  solution  made  with  aqua  reffia^  precipitatea 
both  antimony  and  tin. 

A  piece  of  tin^  in  the  above  sol.,  prec.  the  antimony. 

Teroxide  of  Bismuth,  in  a  solution  of  nitrate  of  teroxide  of  bisnkuth 
=  Bi08  8N06. 

Ilyd.  Sulph.  Acid.  A  black  prec.  insol.  in  cold  dilute  acids,  but  sol. 
in  hot  dilute  nitric  acid. 

Chromate,  or  Btchro7nate  of  Potash^  yellow  prec.  very  sol.  in  dilute  nitrio 
acid. 

Water  in  excess,  added  to  a  solution  of  sesquichloride  of  .bismuth, 
slightly  acidified  with  hydrochloric  acid,  produces  a  white  prec.  insoL 
in  tartaric  acid,  which  distinguishes  it  from  antimony. 

Heat  a  salt  of  Bismuth.  It  turns  yellow,  but  on  cooling  off,  becomes 
again  colorless. 

Bloio  Pipe.  In  the  inner  flame  with  carbonate  of  soda,  it  forms  small 
metallic  globules,  easily  broken. 

Blow  Pipe.  In  the  outer  flame  with  borax,  gives  a  yellowish  bead, 
becoming  nearly  colorless  when  cool. 

Oxide  of  Tin  =  SnO,  in  a  sol.  of  chloride  of  tin,  SnCl. 

I£i/drosulphuric  Acid,  dark  brown  prec.  in  neutral  or  acid  solutions. 
Insol.  in  cold  dilute  acids.  If  the  prec.  is  boiled  with  nitric  acid,  it  is 
converted-  into  the  insoluble  binoxide  of  tin. 

Hydrosulphate  of  Ammonia ,  brown  prec.  sol.  in  excess  if  the  reagent  is 
yellow. 

Chloride  of  Mercury.  First  a  white  prec.  then  a  gray  prec.  of  metallic 
mercury,  even  in  yery  dilute  solution  and  in  the  presence  of  much  HCl. 

Caustic  Ammonia^  white  bulky  prec.  insol.  in  excess. 

Caustic  Potash^  do.  =  SnO  HO,  sol.  in  excess. 

Terchloride  of  Oold  =  (AiiGlS)  very  dilute.  •  In  dilute  solutions,  gives 
a  dark  purple  prec.  known  as  the  purple  of  Cassius.  If  this  mixture  is 
now  heated,  it  is  resolved  into  metallic  gold  and  binoxide  of  tin. 

pEBOxiDB  OF  Tin  :=  Sn02,  in  a  sol.  of  bichloride  of  tin  =  SnCl2. 

Hyd.  Sulph.  Acid,  bright  yellow  prec.  insol.  in-  dilute.  S03,  or  HCl, 
made  insoluble  by  boiling  with  NC&,  soluble  in  HCl  added  to  a  Iltte  N0&. 
Sol.  in  alkalies. 

Caustic  Potassa,  or  Ammonia,  white  bulky  prec.  sol.*  in  excess, 
especially  with  potassa.  The  prec.  with  ammonia  is  Sn02,H0,  and  with 
potassa  =  KO,  SnO^. 

Blow  Pipe.  In  the  outer  flame  with  borax,  it  will  give  a  colorless  bead, 
but  if  there  is  much  tin,  the  bead  will  be  opaque. 

A  piece  of  clean  zinc,  in  a  sol.  of  perohloride  of  tin,  will  precipitate  the 
tin  in  the  metallic  state  in  beautiful  feathery  crystals ;  which  under  the 
microscope  appear  as  brilliant  crystalline  tufts. 

Oxide  of  Mbboubt  =  HgO,  in  a  solution  of  bichloride  of  mercvfjt 
(corrosive  sublimate)  ss  HgCl^. 
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Eydrosulphuric  Acid,  added  slowly,  gives  a  white  or  yellow  prec.  If 
added  in  excess,  it  giyes  a  black  prec.  of  HgS,  insol.  in  dilute  SOS,  HCl 
or  N06.  It  is  soluble  in  aqua  regia  with  the  aid  of  heat.  If  the  precipi- 
tate be  dried  and  heated  in  a  test  tube,  metallic  mercury  is  produced. 

Chloride  of  Tm^  add  slowly,  a  white  prec.  of  Hg^Cl  s=  subchloride'  of 
mercury  will  appear,  this  prec.  becomes  gray  with  an  excess  of  the 
reagent.  If  <ve  boil  this  precipitate  in  its  solution,  the  mercury  is 
redaced  to  the  metallic  state. 

*  Iodide  of  Potauiumy  add  drop  by  drop,  gives  a  beautiful  red  prec. 
soluble  in  an  excess  of  either  the  solution  or  reagent. 

Heat  a  etrip  of  copper;  the  mercury  will  be  deposited  on  it  which  whpn 
nibbed  will  appear  like  silver.  If  the  strip  be  heated  in  a  test  tube,  the 
mercury  will  appear  in  minute  globules  in  the  cool  part  of  the  tube. 

Ozii>x  OF  Lbad  =  PbO,  in  a  solution  of  nitrate  of  lead,  =  PbO,  N06, 
made  by  dissolving  the  substance  in  nitric  acid,  and  allowing  it  to 
erystallise.  We  may  also  use  a  solution  of  acetate  of  lead.  Acetate  of 
lead  is  formed  by  dissolving  oxide  of  lead  in  an  excess  of  acetic  acid, 
then  evaporate  to.  dryness,  the  salt  is  acetate,  or  sugar  of  lead. 

The  following  reactions  take  place  with  nitrate  of  lead : 

Hydrosulphuric  acid,  in  neutral  or  slightly  acid  solution,  gives  a  black 
prec.  of  sulphide  of  lead  =r  PbS,  but  if  boiled  with  nitric  acid,  it 
becomes  PbO  +  S08. 

Caustic  Ammonia,  a  white  prec.  insol.  in  excess.  Other  ammoniacal 
salts  must  not  be  present. 

Dilute,  80^,  a  white  heavy  prec.  nearly  insol.  in  acids,  but  soluble  in 
potassa.  Now  collect  the  prec.  and  moisten  it  with  a  little  hydrosulphate 
of  ammonia,  it  will  become  black.  This  distinguishes  lead  from  baryta 
and  strontia,  which  are  insoluble. 

Carbonate  ofFotasea,  white  prec.  insol.  in  excess.    Prec.'=  PbO,  COS. 

Joekde  ofPotaasium,  beautiful  yellow  prec.  If  this  is  boiled  with  water 
and  allowed  to  cool,  beautiful  yellow  scales  are  formed. 

Chromate  of  Potana,  fine  yellow  prec.  insoL  in  dilute  acids,  but  sol.  in 
potassa. 

Sydrochlorie  Acid,  a  white  prec.  Boil  the  solution  and  let  it  cool,  then 
needle-shaped  crystals  will  be  formed. 

Ozn>E  OF  81LYBB,  AgO,  in  a  solution  of  nitrate  of  silver. 

HydrochUmc  Acid,  or  any  soluble  chloride,  a  white  curdy  prec.  of  chloride 
of  silver,  insol.  in  water  and  nitric  acid,  sol.  in  ammonia.  This  becomes 
Tiolet  on  exposure  to  light,  and  is  sparingly  sol.  in  HCl. 

Common  Table  Salt,  gives  the  same  prec. 

Syd.  Sulph.  4-cid,  dnd  Hyd.  Sulphate  of  Ammonia,  gives  a  black  prec. 
insoL  in  dilute  acids,  but  sol.  in  boiling  nitric  acid. 

Caustic  Ammonia,  brown  prec.  sol.  in  excess. 

Caustic  Potassa,  brown  prec.  insol.  in  excess. 

Phosphate  of  Soda,  a  pale  yellow  prec.  sol.  in  NO^  and  ammonia. 

Chromaie  of  Potassa,  dark  crimson  prec. 

KoTB.    With  lead,  the  prec.  would  be  yellow. 

Slg>  of  clean  copper,  iron  or  zinc,  suspended  in  the  liquid,  precipitates 
the  silver  in  the  metallic  state. 

NoTB.  Silver  is  precipitated  by  other  metals  more  electro-negative, 
such  as  tin,  lead,  manganese,  mercury,  bismuth,  antimony,  and  arsenic. 
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OxiDB  OF  OopFEB.  GuO,  in  a  solution  of  sulphate  of  copper  = 
CnO,  SOs  +  6H0. 

Hyd,  Su^ph,  Add,  in  a  neutral,  acid  or  alkaline  solution,  giyes  a  black 
prec  =  CuS|  insol.  in  dilute  SO3,  or  HCl,  but  sol.  in  moderatelj  dilute 
nitric  acid.    Insol.  in  excess  of  the  reagent 

Byd,  Sulphate  0/ Ammonia.  The  same  as  the  last,  excepting  that  the 
reagent  in  excess  dissolfes  the  prec. 

Cauitic  Ammonia,  added  slowly,  precipitates  any  iron  as  a  greenish  or 
red  brown  mud,  and  the  supernatant  liquid  is  of  a  fine  blue  color,  ^tii 
nickel,  ammonia  giTes%  blue  but  of  a  pale  sapphire  color,  whilst  that 
0/  copper  givtfs  a  deep  ultramurine. 

Cauaiic  PoUuta,  blue  prec.  insol.  in  excess.  If  the  potassa  be  added  izi 
excess  and  then  boiled,  the  prec.  will  be  black  oxide  of  copper  =  CuO. 

Ferrocyanide  of  Potassium  ^  Prussiate  of  Potassa,  giYCS  a  chocolate 
colored  prec.  =  Cu^,  FeCyS,  insoluble  in  dilute  acids.  This  is  a  very 
delicate  test.  The  prec.  is  soluble  in  ammonia.  Potassa  decomposes  it. 
Before  adding  this  test,  acidify  the  solution  with  acetic  acid  or  acetate 
of  potassa. 

If  but  a  small  quantity  of  copper  is  present,  no  prec.  will  be  produced, 
but  the  solution  will  haye  a  pink  color. 

Iron  or  Steel  perfectly  cleansed  in  a  neutral  sol.  or  one  slightly  acidified 
with  808,  will  become  coated  with  metallic  copper,  thus  enabling  us  to 
detect  a  minute  qui^tity  of  copper,  which  is  sometimes  entirely  precipi- 
tated from  its  solution.    This  detects  1  of  copper  in  180,000  of  solution. 

Blow  Pq>e.  In  the  outer  flame  with  borax  while  hot,  the  copper  salt  is 
green,  but  becomes  blue  on  cooling.  * 

TxBOXiDB  OF  Qold'=  AuO^  in  a  solution  of  terchloride  of  gold. 

Bydrosulphuric  add,  black  prec.  of  tersulphide  of  gold  =  AuSs,  insol. 
in  mineral  acids,  but  sol.  in  aqua  regia. 

Sulphate  of  Iron,  bluish  black  prec.  becomes  yellow  when  burnished. 

Oxalic  add,  if  boiled,  a  prec.  of  a  purple  powder,  which  will  afterwards 
cohere  in  yellow  flakes  of  metallic  gold  when  burnished. 

Chloride  of  Tin,  with  a  little  bichloride  of  tin,  gives  a  purple  tint,  whose 
color  Taries  with  the  quantity  of  gold  in  the  solution,  and'  is  insoL  in 
dilute  acids.  In  using  this  test,  first  add  the  golden  solution  to  the 
chloride  of  tin,  and  then  add  the  solution  of  bichloride  of  tin,  drop  by 
drop.  If  only  a  small  quantity  of  gold  is  present,  the  solution  will  have 
but  a  pink  tinge. 

Tin-iron  Solution.  This  reagent  is  made  by  adding  sesquichloride  of 
iron  to  chloride  of  tin,  till  a  permanent  yellow  is  formed. 

Pour  the  golden  solution,  much  diluted  in  a  beaker,  and  set  it  on  white 
paper.  Now  dilute  the  tin-iron  reagent,  and  dip  a  glass  rod  into  it, 
which  remoYC  and  put  into  the  gold  solution,  when,  if  a  trace  of  gold  is 
present,  a  purple  or  bluish  streak  will  be  in  the  track  of  the  rod.  This 
may  be  used  in  acid  solutions. 

BiNOXiDE  OF  Platikvm  =  PtO^,  iu  a  solution  of  bichloride  of  platinum. 
Syd.  Sulphuric  Acid,  black  prec.  when  boiled.    Insol.  in  dilute  acids. 
Chloride  of  Ammonium.    After  seyeral  hours,  a  yellow  crystalline  prec. 
s  lightly  sol.  in  water,  but  insol.  in  alcohol. 

Chloride  of  Tin,  in  the  presence  of  hydrochloric  acid,  is  a  dark  brown 
olor ;  but  if  the  solution  is  dilute,  the  color  is  yellow. 
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The  nun&ral  is  finely  pulverized,  in  an  agate  or  steel  mortar.  The  pestle 
is  to  haye  a  rotary  motion  so  as  not  to  waste  any  part  of  the  mineral. 
When  palTerized,  wash  and  decant  the  fine  part  held  in  the  solntion,  and 
again  pnlrerize  the  coarse  part  remaining  after  decantation. 

^  the  mineral  is  maUeabUy  we  file  off  enongh  for  analysis. 

IHgeeting  the  mineral,  is  to  keep  it  in  contact  with  water  or  acid  in  a 
beaker,  and  kept  for  some  iime  at  a  gentle  heat.  If  the  mineral  is 
insol.  in  water  or  HCl,  we  use  aqua  regia,  (nitro-hydrochlorio  acid) 
composed  of  four  parts  of  hydrochloric  acid  and  one  part  of  nitric  acid. 
Aqua  regia  will  dissolye  all  the  metals  but  silica  and  alumina. 

Filtering  papers,  are  made  of  a  uniform  size,  and  the  weight  of  the  ash 
of  one  of  them  marked  on  the  back  of  the  parcel. 

Filtering. — One  of  the  filtering  papers  is  placed  in  a  glass  funnel  .which 
IB  put  into  a  large  test  tube  or  beaker,  and  then  the  aboye  solution 
poured  gently  on  the  side  of  the  filtering  paper,  wash  the  filter  with 
distilled  water.  The  filter  now  holds  silica  and  alumina.  Bum  the 
filter  and  precipitate  or  insoluble  residue,  the  increase  of  weight  will  be 
the  siliceous  matter  in  the  amount  analyzed,  which  may  be  twenty-fiye, 
fifty  or  one  hundred  grains,  perhaps  fifty  grains  will  be  the  most  con- 
Tenient ;  therefore,  the  increase  of  weight  found  for  siliceous  matter  if 
multiplied  by  two,  will  giye  the  amount  per  cent. 

Decanting,  is  to  remoye  the  supernatant  liquid  firom  yessel  A  to  yessel 
B,  and  may  bk  easily  done  by  rubbing  a  little  tallow  on  the  outside  of 
the  edge  of  A,  oyer  which  the  liquid  is  to  pass,  and  holding  a  glass  rod  in 
B,  and  bringing  the  oiled  lip  of  A  to  the  rod,  then  decant  the  liquid. 

The  Engineer  is  supposed  to  haye  seen  some  elementary  work  on 
Chemistry  or  Pharmacy.  Fowne's,  Bowman's  and  Lieber's  are  yery 
good  ones ;  from  either  of  which  he  can  learn  the  first  rudiments. 

The  following  table  shows  the  substances  treated  of  in  this  work, 
showtng  their  symbols,  equiyalents  or  atomic  weights  and  compounds. 
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Name. 

Sym- 
boL 

Al 
li 

(( 

Sb 

As 
ft 

Ba 

tt 

Bi 
tt 

ti 

Cd 

(t 

Ca 

C 

tt 

ii 

CI 

ft 

Equi- 
Tal't 

14 

14 

14 
129 

75 

76 

69 

69 
107 
107 
107 

66 

66 

20 

20 
6 
6 
6 

36 

86- 

AlllIlil>I>Tn    rt-r-t.,T..t. 

i( 

t( 

Antimony • 

Arsenic 

t< 

Barium •..• 

tt 

Bismuth •••.. 

<i 

tt 

Cadmium  .............. 

It 

Calcium  .  .«•• 

«( 

Carbon 

«( 

tt 

Chlorine 

n 

Oompound. 

AI2O3,  Alumina 

AI2CI8,  Chloride  of  Aluminum 

AI2O8*  3S0d,  Sulphate  of  Alumina... 

SbOS)  Oxide  of  Antimony 

AsOS,  Arsenious  Acid 

As06,  Arsenic  Acid 

BaO»  Baryta 

BaCl,  Chloride  of  Barium 

Bi208,  Sesquioxide  of  Bismuth 

B12O8, 3N06,  Nitrate  of  Bismuth 

Bi2»  CIS,  Sesquichloride  of  Bismuth. 

CdO,  Oxide  of  Cadmium 

CdS,  Sulphide  of  Cadmium 

CaO,  Lime ; 

CbCI,  Chloride  of  Lime 

C02»  Carbonic  Acid » 

CO,  Carbonio»Oxide 

CS2,  Sulphide  of  Carbon 

C106,  Chloric  Acid 

HCl,  Hydrochloric  Acid 


Fqul- 

YRl»t. 


62 

186 

172 

163 

99 

115 

77 

105 

238 

400 

322 

64 

72 

28 

66 

22 

14 

88 

76 

37 
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TABLS  OF  ITHBOLS  AND  IQUIVALEMTS. 


Name. 


Chromium 


Cobalt 


it 


Sym- 
bol. 


Copper,  (Cuprum)... 


4( 
<< 


Fluorine 

Gold,  (Aurum). 


Hydrogen 

Iodine  

«(     .,,... 

Iron,  (Ferum) 

Lead,  (Plumbum).... 


It 


Hagneeium 


(I 


Manganese. 


<( 


(I 


Mercurj. 


<« 
(I 
(( 

Nickel. 


« 


Nitrogen 


Oxygen 

Phosphorous 


<« 


Platinum 


«( 


Potassium,  (Rolium) 

Silicon 

Siher,  (Argentum).. 
it 

Sodium,  (Natroninm) 


Strontium 
it 

Sulphur.., 


(i 


Tin,   (Stannum). 


Zinc 


Cr 
<i 

Co 
<< 

Cu 
t( 

tt 

F 

Au 
(t 

H 
(( 

I 
(( 

Fe 

it 

Pb 

(( 

(I 
Mg 


Eqiii- 


Mn 
(< 

(t 
(( 

Hg 

(( 
(I 
(I 

Ni 
it 

N 
(( 

(( 
0 

P 

(( 

tt 

Pt 

(( 

K 
tt 


Si 
Ag 

Na 
f( 

Sr 
« 

S 
tt 

Sn 
«( 

Zn 
tt 


28 

28 

30 

80 

82 

82 

82 

18 

200 

200 

200 

1 

1 

126 

126 

28 

28 

104 

104 

104 

12 

12 


28 
28 

i 

28 

28 

202 

202 

202 

202 

80 

80 

14 

14 

14 

8 

82 
82 
82 
99 
99 
40 
40 


Compound. 


22 
108 
108 
24 
24 
44 
44 
16 
16 
69 
59 
82 
82 


Cr20d,  Sesquichloride  of  Chromium. 
Cr^OS,  8803,  Sulphate  of  Chromium. 

CoO,  Protoxide  of  Cobalt 

C02O8,  Sesquioxide  of  Cobalt 

CusO,  Suboxide  of  Copper 

CuO,  Black  Oxide  of  Copper 

CuO,  S08,  Sulphate  of  Copper 

HF,  Hydrofluoric  Acid 

AuO.  Oxide  of  Gold 

AuOS,  Ter  oxide  of  Gold 

AuCl8,  Ter  chloride  of  Gold 

HO,  Water 

H02,  Binoxide  of  Hydrogen 

I0&»  Iodic  Acid 

HI,  Hydriodic  Acid 

FeO,  Protoxide  of  Iron 

Fe208,  Sesquioxide  of  Iron 

PbO,  Protoxide  of  Lead 

Pb804,  Red  Oxide  of  Lead 

PbCl.  Chloride  of  Lead 

MgO,  Magnesia 

MgCl,  Chloride  of  Magnesium 


Tftl't. 


MnO,  Protoxide  of  Manganese 

MnOa,  Binoxide  or  Black  Oxide  of 

Manganese....... 

Mn03,  Manganic  Acid 

Mn207>  Permanganic  aci(^ 

HgO,  Protoxide  of  Mercury 

Hg02,  Red  or  Binoxide  of  Mercury. 

HgCl,  Chloride  of  Mercury 

HgCl2,  Perohloride  of  Mercury 

NiO,  Oxide  of  Nickel 

NisOs,  Sesquioxide  of  Nickel 

N06,  Nitric  Acid 

NO2,  Binoxide  of  Nitrogen 

NH8,  Ammonia 

Air  =  23.10  of  0,  and  76.9  per 

cent  of  N 

POs,  Phosphoric  Acid 

POs,  Phosphorous  Acid 

PHs,  Phosphoretted  Hydrogen 

PtO,  Protoxide  of  Platinum 

Pt02,  Binoxide  of  Platinum 

KO,  Potash 

KCl,  Chloride  of  Potassium 


Si08,  Silicic  Acid  or  Silica. 

AgO,  Oxide  of  Silver 

AgCl,  Chloride  of  Silver... 

NaO,  Soda 

NaCl,  Chloride  of  Sodium.. 

SrO,  Strontia 

SrCl, 

SOs,  Sulphuric  Acid 

HS,  Hydrosulphuric  Acid. 

SnO,  Protoxide  of  Tin 

Sn02,  Peroxide  of  Tin 

ZnO,  Oxide  of  Zinc 

ZnCl,  Chloride  of  Zinc 
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QUANTITATIYE  ANAXT8E9.  72b 

ANALT8I8   OT   SOILS. 

310s.  The  fertility  of  soils  is  composed  of  their  siliceous  matter, 
phosphoric  acid  and  alkalies.  The  latter  ought  to  be  abundant.  The 
sorreyor  may  judge  of  the  soil  by  the  crops — as  follows : 

If  the  straw  or  stalks  lodge,  it  shows  a  want  of  silica,  or  ikAt  it  is  in 
an  insoluble  condition,  and  requires  lime  and  potash  to  render  it  soluble. 

If  the  seeds  or  heads  does  not  fill,  it  shows  the  want  of  phosphoric 
aoid. 

If  the  leayes  are  green,  it  shows  the  presence  of  ammonia;  bu  If  the 
leayes  are  brown,  it  shows  the  want  of  it. 

Chemical  analysis.    By  qualitative  analysis,  we  determine  the  simpl 
bodies  which  form  any  compound  substance,  and  in  what  state  or  combi- 
nation. 

Quantitative  analysis,  points  out  in  what  proportion  these  simple  bodies 
are  combined. 

A  body  is  organic,  inorganic,  or  both. 

The  body  is  organic,  if  when  heated  on  a  platinum  foil,  or  clean  sheet  of 
iron  oyer  a  spirit  lamp,  it  blackens  and  takes  fire.  And  if  by  continuing 
the  heat  the  whole  is  burnt  away,  we  conclude  that  the  substance  was 
entirely  organic,  or  some  salt  of  ammonia. 

SokibU  in  tpater. — The'  substance  is  reduced  to  powder,  and  a  few 
grains  of  it  is  put  with  distilled  water  in  a  test  tube  or  porcelain  capsule ; 
if  it  does  not  disBolve  on  stirring  with  a  glass  rod,  apply  gentle  heat.  If 
there  is  a  doubt  whether  any  part  of  it  dissohed,  evaporate  a  portion  of 
the  solution  on  platinum  foil ;  if  it  leaves  a  residue,  it  proves  that  the 
substance  is  partially  soluble  in  water.  Hence  we  determine  if  it  is 
soluble,  insoluble  or  partially  so  in  distilled  water. 

Substances  soluble  in  water ,  are  as  follows: 

Fotassa.    All  the  salts  of  potassa. 

Soda,        Do.  do.  do. 

Ammonia,     (Caustic,)  and  all  the  ordinary  salts  of  it. 

Lime,    Nitrate,  muriate,  (chloride  of  calcium.) 

Magnesia,    Sulphate  and  muriate. 

Alumina,    Sulphate. 

Iron,    Sulphates  and  muriates  of  both  oxides. 

Substances,  insoluble,  or  slightly  soluble  in  water,  are  as  follows : 
•   Lime,    Carbonate,  phosphate  and  sulphate  of. 

Magnesian,    Phosphate  of  ammonia  and  magnesian. 

Magnesia.    Carbonate^  phosphate  of. 

Alumma,  ana  its  phosphate. 

Iron,  oxides,  carbonate,  phosphate  of. 

Inorganic  substances  found  in  plants,  as  bases,  are— alumina,  lime, 
magnesia,  potash,  soda,  oxide  of  iron,  oxides  of  manganese. 

As  acids — sulphuric,  phosphoric,  chlorine,  fluorine,  and  iodine  and 
bromine  in  sea  plants. 

Take  a  wheelbarrowful  of  the  soil  Arom  various  parts  of  the  field,  to 
the  depth  of  one  foot.    Mix  the  whole,  and  take  ji  portion  to  analyze. 

Proportion  of  clay  and  sand  m  a  soil.  Take  two  hundred  grains  of  well 
dried  soil,  and  boil  it  in  distilled  water,  until  the  sand  appears  to  be 
divided.  Let  it  stand  for  some  time,  and  decant  the  liquid.  Add  a  fresh 
supply  of  water,  and  boil,  and  decant  as  above,  and  so  continue  until  the 
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claj  18  entirely  carried  off.  The  sand  is  then  collected,  dried  and 
weighed.  For  the  relative  proportion  of  sand  in  fertile  soils,  (see  sec. 
809/.) 

Organic  matter  in  the  »<nL  Take  two  hundred  grains  of  the  dry  soil, 
and  heat  it  in  a  platinum  crucible  oyer  a  spirit  lamp,  until  the  black 
color  first  produced  is  destroyed ;  the  soil  will  then  appear  reddish,  the 
difference  or  loss  in  weight,  will  be  the  organic  matter. 

Estimation  of  ammonia.  Put  one  thousand  grains  of  the  unburnt  soil  in 
a  retort,  cover  it  with  caustic  potash.  Let  the  neck  of  the  retort  dip 
into  a  receiyer  containing  dilute  hydrochloric  acid,  (one  part  of  pure 
hydrochloric  acid  to  three  parts  of  distilled  water;)  bring  the  neck  of  the 
retort  near  the  liquid  in  the  receiver,  and  distill  off  about  a  fourth  part ; 
then  evaporate  the  contents  of  the  receiver  in  a  water  bath ;  the  salt 
produced  will  be  sal  ammoniac,  or  muriate  of  ammonia,  of  which  every 
one  hundred  grains  contains  82.22  grains  of  ammonia. 

Eitmation  ofnlica,  {Uumina,  peroxide  of  iron,  Ume  and  magnetia. 

Put  two  hundred  grains  of  the  dry  soil  in  a  florence  flask. or  beaker, 
then  add  of  dilute  hydrochloric  acid  four  onnces,  and  gently  boil  fer  two 
hours,  adding  some  of  the  dilute  acid  from  time  to  time  as  may  be 
required,  on  account  of  the  evaporation.  Filter  the  liquid  and  wash  the 
undissolved  soil,  and  add  the  water  of  this  washing  to  the  above  filtrate. 
Collect  the  undissolved  in  a  filter,  heat  to  redness  and  weigh ;  this  will 
give  clay  and  siliceous  sand  insoluble  in  hydrochloric  acid. 

Etiimation  ofHUca,  Evaporate  the  above  solution  to  diyness,  then  add 
dilute  hydrochloric  acid,  the  white  gritty  substance  remaining  insoluble 
is  silica,  which  collect  on  a  weighed  filter,  bum  and  weigh. 

Estimation  ofcdumina  and  peroxide  of  iron.  The  solution  filtered  firom 
the  silica  is  divided  into  two  parts.  One  part  is  neutralised  by  ammonia^ 
the  precipitate  contains  alumina  and  peroxide  of  iron,  and  possibly 
phosphoric  acid.  It  is  thrown  on  a  filter  and  washed,  strongly  dried, 
{not  burnt)  and  weighed ;  it  is  now  dissolved  in  hydrochloric  acid,  and 
the  oxide  of  iron  is  precipitated  by  caustic  potash  in  excess ;  the  pre- 
cipitate is  washed,  dried  and  burnt,  its  weight  gives  the  oxide  of  iron^ 
which  taken  from  the  above  united  weight  of  iron  and.  alumina,  will  give 
the  weight  of  the  alumina. 

The  photphoric  acid  here  is  considered  too  small  and  is  neglected. 

Ettimation  of  Ume.  The  liquid  filtered  from  the  precipitate  by  tHe 
ammonia,  contains  lime  and  magnesia.  The  lime  may  be  entirely  pre- 
cipitated by  oxalate  of  ammonia.  Collect  the  precip^te  and  bom  it 
gently  and  weigh.  lo^very  one  hundred  grains  of  the  weight,  there  will 
be  66.29  grains  of  lime. 

EetimaHon  of  magnetia.  Take  the  filtered  liquid  f^om  the  oxalate  of 
ammonia,  and  evaporte  to  a  concentrated  liquid,  and  when  cold,  add 
phosphate  of  soda  and  stir  the  solution.  Let  it  stimd  for  some  .time. 
Phosphate  of  magnesia  and  ammonia  will  separate  as  a  white  crystalline 
powder.  Collect  on  a  filter,  and  wash  with  cold  water,  and  bum.  In 
one  hundred  grains,  there  are  36.67  grains  of  magnesia. 

Estimation  of  potash  and  soda.  Take  the  half  of  the  liqidd.  Set  aside 
in  examining  for  silica,  (see  above,)  and  render  it  alkaline  to  test  paper 
by  adding  caustic  barytes,  and  separate  the  precipitate.  Again,  add 
carbonate  of  ammonia,  and  separate  this  second  precipitate,  and  evapor- 
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%t%  the  liquid  to  dryness  in  a  weighed  platinnm  dish ;  heat  the  residue 
gently  to  expel  the  ammouiacal  salts.  Weigh  the  vessel  with  its 
contents;  the  excess  will  be  the  alkaline  chlorides,  which  may  be  sepa- 
rated if  required,  by  bi-chloride  of  platinum,  which  precipitates  the 
potassa  as  chloride  of  potassium ;  one  hundred  parts  of  which  contain 
63.26  of  potassa,  and  one  hundred  parts  of  chloride  of  sodium  contain 
68.29  of  soda. 

JStUnUition  of  Photphoric  Add.  For  this  we  will  use  Berthier's  method, 
which  is  founded  on  the  strong  affinity  which  phosphoric  acid  has  for 
iron.  Let  the  fluid  to  be  examined  contain,  at  the  same  time,  phosphoric 
acid,  lime,  alumina,  magnesia,  and  peroxide  of  iron.  Let  the  oxide  of 
iron  be  in  excess — to  the  fluid  add  ammonia,  the  precipitate  will  contain 
the  whole  of  the  phosphoric  acid,  and  principally  combined  as  phosphate 
of  iron.  Collect  the  precipitate,  and  wash,  and  then  treat  with  dilute 
moetic  acid,  which  will  dissolve  the  lime,  magnesia,  and  excess  of  iron, 
and  alumina,  and  there  will  remain  the  phosphate  of  iron  or  phosphate 
of  alumina,  biecause  alumina  is  as  insoluble  as  the  iron  in  acetic  acid. 
Collect  the  residue  and  calcine  them.  In  every  one  hundred  grains  of  the 
calcined  matter,  fifty  will  be  phosphoric  acid. 

EaHmaiion  of  Chlorine  and  Sulpkurie  Add.  These  are  found  but  in  small 
quantities  in  soils,  unless  gypsum  or  common  salt  has  been  previously 
applied.  Boil  four  hundred  grains  of  the  burnt  soil  in  half  a  pint  of 
vateTi  filter  the  solution,  and  wash  the  insoluble  residue  with  hot  water, 
then  bum,  dry,  weigh,  and  compare  it  with  the  former  weight ;  this  will 
give  an  approximate  value  of  the  constituents  soluble  in  water.  Now 
acidnlate  the  filtered  liquid  with  nitric  acid,  and  add  nitrate  of  silver ;  if 
ehlorine  is  present,  it  will  give  a  white  curdy  precipitate,  which  collect 
on  a  filter,  wash,  dry  and  burn  i^  a  porcelain  crucible ;  the  resulting 
salt,  ohloride  of  silver,  contains  24.^  grains,  in  one  hundred  of  chlorine. 

jRtimatwH  of  Stdphurie  Add.  To  the  filtered  solution,  add  nitrate  of 
barjrtes ;  a  white  cloudiness  will  be  produced,  showing  the  presence  of 
sulphuric  acid.  The  precipitate  will  be  sulphate  of  barytes,  which  col- 
lect, wash,  and  weigh  as  above.  In  one  hundred  grains  of  this  precipi- 
tate, there  will  be  84.87  of  sulphuric  acid. 

JSttmation  of  Manganete.  Heat  the  solution  to  near  boiling,  then  mix 
with  excess  of  carbonate  of  soda.  Apply  heat  for  some  time.  Filter  the 
precipitate,  and  wash  it  with  hot  water,  dry,  and  strongly  ignite  with 
eare.  The  resulting  salt,  carbonate  of  manganese  =  MnO,C02-  lu  every 
one  hundred  grains  of  this  salt,  there  are  62.07  of  protoxide  of 
manganese. 

Analyna  of  Magnenan  Limettone, 

810t.  Supposed  to  contain  carbonate  of  lime,  carbonate  of  magnesia, 
silica,  carbonic  acid,  iron  and  moisture. 

Weigh  one  hundred  grains  of  the  mineral  finely  powdered,  and  dry  it 
in  a  dish  on  a  sand-bath  or  stove.  Weigh  it  every  fifteen  minutes  until  the 
weight  becomes  constant,  the  loss  in  weight  will  be  the  hydroscopic 
moisture. 

Otherwite,  Pulverize  the  mineral,  and  calcine  it  in  a  platinum  or  por- 
celain crucible,  to  drive  off  the  carbonic  acid  and  moisture. 

2b  determine  the  Silica,  Take  one  hundred  grains.  Moisten  it  with 
water,  and  then  gradually  with  dilate  hydrochloric  acid.    When  it 

lis 


72b90  gUAATITATIVB   A1IALTSB8. 

appears  to  be  dissolved,  add  some  of  the  acid  and  heat  it,  which  ynH 
dissolye  everything  but  the  silica,  which  is  filtered,  washed  and  weighed. 

To  determine  the  Iron.  Take  the  filtrate  last  used  for  silica.  Neutral- 
ise it  with  ammonia,  then  add  sulphide  of  ammonium,  which  precipitateB 
the  iron  as  sulphide  of  iron,  FeS.  The  solution  is  boiled ,  with 
sulphate  of  soda  to  reduce  the  iron  to  the  state  of  protoxide. 
Boil  so  long  as  any  odor  is  perceptible;  then  pass  a  current  of  HS,  which 
will  precipitate  the  metals  of  class  IV.  Collect  the  filtrate  and  Boil  it  to 
expel  the  hjdrosulphuric  acid  gas,  then  boil  with  caustic  soda  in  excesSi 
until  the  precipitate  is  converted  into  a  powder. 

Collect  the  precipitate  and  reduce  it  to  the  state  of  peroxide,  by  adding 
dilute  nitric  acid ;  then  add  caustic  ammonia,  which  precipitates  the  iron 
as  Fe208,  then  collect  and  dry  at  a  moderate  heat.  In  every  100  parts 
of  the  dried  precipitate,  there  are  70  of  jnetallic  iron. 

To  determine  the  Lime,  Boil  the  last  filtrate  from  the  iron,  haying  made 
it  slightly  acid  with  hydrochloric  acid.  When  the  smell  of  sulphide  of 
ammonium  is  entirely  remoTcd,  filter  the  solution  and  neutralize  the 
clear  solution  with  ammonia,  then  add  oxalate  of  ammonia  in  solution, 
as  long  as  it  will  giye  a  white  precipitate.  We  now  have  all  the  lime  as 
an  oxalate.  Boil  this  solution,  and  filter  the  precipitate,  and  ignite; 
when  cool,  add  a  solution  of  carbonate  of  ammonia,  and  again  gently 
heat  to  expel  the  excess  of  carbonate  of  ammonia.  We  now  have  the 
whole  of  the  lime  converted  into  carbonate  of  lime,  which  has  66  per 
cent,  of  lime.  Or,  dry.  the  MtUate  at  212*>.  When  dry,  it  contains  88.4 
per  cent,  of  lime. 

KoTB.  If  we  have  not  oxalate  of  ammonia,  we  use  a  solution  of  oxalic 
acid,  and  add  caustic  ammonia  to  the  liquid  containing  the  lime  and 
reagent  till  it  smells  sti^ong  of  the  ammonia ;  then  we  haye  the  lime 
precipitated  as  an  oxalate,  as  above. 

If  we  suspect  Alumina^  the  liquid  is  boiled  with  N06  to  reduoe  the  iron 
to  a  sesquioxide,'  (peroxide.)  Then  boil  it  with  caustic  potassa  fbr  some 
time,  which  will  precipitate  the  iron  as  Fe^OS,  which  collect  as  aboye. 

To  determine  the  Alumina^  supersaturate  the  last  filtrate  with  HCi,  and 
add  carbonate  of  ammonia  in  excess,  which  will  precipitate  the  alumina 
as  hydrate  of  alumina,  which  collect,  dry  and  ignite ;  the  result  is 
A1208  =  sesquioxide  of  alumina,  which  has  58.85  per  cent,  of  alumina. 

To  determine  the  Magnesia.  In  determining  the  lime,  we  had  in  the 
solution,  hydrochloric  acid  and  ammonia,  which  held  the  magnesia  in 
solution ;  we  now  concentrate  the  solution  by  evaporation,  and  then  add 
caustic  ammonia  in  excess.  Phosphate  of  soda  is  then  added  as  long  as 
it  gives  a  precipitate.  Stir  the  liquid  frequently  with  a  glass  rod,  and 
let  it  rest  for  some  hours.  The  precipitate  is  the  double  phosphate  of 
ammonia  and  magnesia.  Wash  the  precipitate  with  water,  containing  a 
little  free  ammonia,  because  the  double  phosphate  is  slightly  soluble  in 
water.  When  the  prec.  is  dried,  ignite  it  in  a  porcelain  crucible,  and 
then  weigh  it  as  phosphate  of  magnesia  =  2MgO,  PO^.  By  igniting  as 
above,  the  water  and  ammonia  are  driyen  ofi^,  and  the  double  phosphate 
is  reduoed  to  phosphate  of  magnesia.  In  every  100  grains  are  17.86  of 
magnesia.    (Notb.   This  simple  method  is  from  Bowman's  Chemistry.) 

To  determine  the  Carbonic  Add.     Take  100  grains  and  put  them  into  a 
bottle  with  about  4  ounces  of  water.     Put  about  60  grains  of  hydro* 


QVANTITATITG  AJfALTSES.  72b91 

oUoiio  acid  Into  a  small  test  tube  and  suspend  it  by  a  hair  through  the 
oork  in  the  bottle,  and  so  arranged  that  the  mouth  of  the  test  tube  will 
be  above  the  water.  Let  a  quill  glass  tube  pass  through  the  cork  to 
near  the  surface  of  the  liquid  in  the  bottle.  Weigh  the  whole  apparatus, 
and  then  let  the  test  tube  and  acid  be  upset,  so  that  the  acid  will  be 
Duzed  with  the  water  and  mineral.  The  carbonic  acid  will  now  pass  off; 
batae  it  is  heavier  than  air,  a  portion  will  remain  in  the  bottle,  which 
has  to  be  drawn  out  by  an  India-rubber  tube  applied  to  the  mouth,  when 
effervescence  ceases.  The  whole  apparatus  is  again  weighed ;  the  dif- 
ference of  the  weights  wiU  be  the  carbonic  acid. 

AnalyHa  of  Iron  Pyritti, 

8lOu.  This  may  contain  gold,  copper,  nickel,  arsenic,  besides  its 
principal  ingredients,  sulphur  and  iron,  and  sometimes  manganese. 

To  determine  the  Arsenic.  Reduce  a  portion  of  the  pyrites  to  fine 
powder ;'  heat  it  in  a  test  tube  in  the  flame  of  a  spirit  lamp.  The  sulphur 
first  appears  as  a  white  amorphous  powder,  which  becomes  gradually  a 
lemon  yellow,  then  to  tulip  red,  if  arsenic  is  present. 

To  determine  the  Sulphur.  One  hundred  grains  of  the  pyrites  are  di- 
gested in  nitric  acid,  to  convert  the  sulphur  into  sulphuric  acid ;  dilute 
the  solution,  and  decant  it  from  the  insoluble  residue,  which  consists  ini 
part  of  gold.     If  any  is  in  the  mineral,  it  is  readily  seen  through  a  lens. 

This  decanted  solution  will  contain  the  iron,  together  with  oxides  of 
copper,  if  any  is  present,  and  the  sulphur  as  sulphuric  acid.  Evaporate 
the  solution  to  expel  the  greater  part  of  the  nitric  acid,  now  dilute  with 
three  volumes  of  water,  and  add  chloride  of  barium  as  long  as  it  causes 
a  precipitate.  Boil  the  mixture ;  filter,  wash  and  ignite  the  precipitate, 
which  is  now  sulphate  of  baryta,  in  every  100  parts  of  which  there  are 
13.67  of  sulphur.  To  this  sulphur,  must  be  added  the  sulphur  that  was 
found  on  top  of  the  liquid  as  a  yellow  porous  lamp  when  digested  with  the 
aitrio  acid. 

To  determine  the  Iron,  Add  sulphide  of  ammonium  as  long  as  it  will 
cause  a  precipitate  of  sulphide  of  iron  =  FeS,  whose  equivalent  is  44 ; 
that  is,  iron  28  and  sulphur  16;  therefore  every  one  hundred  parts  of  FeS 
contain  63.63  of  iron.  But  heat  to  redness  and  weigh  as  per  oxide  of 
iron  =  FeSQS.     In  every  100  grains  there  are  70  of  iron. 

NoTB.     Sulphide  of  ammonia  precipitates  manganese. 

To  determine  the  Manganese  and  Iron  uparately.  Take  a  weighed  portion 
and  dissolve  it  in  aqua  regia  as  above,  evaporate  most  of  the  acid,  and 
then  dilute,  leaving  the  solution  slight^lacid ;  pass  HS  through  it,  which 
will  precipitate  the  gold,  copper  and  arsenic,  and  leave  the  iron  and 
manganese  in  solution.  Collect  the  filtrate,  to  which  add  chlorate  of 
potassa  to  peroxide  of  iron ;  now  add  acetate  of  soda,  and  then  heat  to 
a  boiling  point;  this  precipitates  the  iron,  and  that  alone  as  peroxide  of 
iron,  which  collect,  wash,  dry,  weigh,  and  heat  to  redness ;  the  result  is 
Fe203,  having  70  per  cent,  of  iron. 

To  find  the  Man^anetey  neutralize  the  last  filtrate,  and  add  hypochlorite 
of  soda,  let  it  stand  for  one  day,  then  the  manganese  will  be  precipitated 
ae  binoxide  of  manganese  =  Mn03;  collect,  dry,  etc.  In  every  100 
grains  of  it,  there  are  68.68  of  manganese. 
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AnalysU  of  Copper  Pyrites. 

8l0v.     Tk*  moisture  is  determined  as  in  sec.  810t. 

7\>  determine  the  StUphur,  Proceed  as  in  sec.  310l',  by  redncing  100 
grains  to  powder,  then  boil  in  aqua  regia  until  the  sulphur  that  remains 
insoluble  collects  into  a  yellowish  porous  lump.  Dilute  the  acid  with 
three  volnmes  of  water,  filler  and  wash  the  insoluble  residue  (consisting 
of  sulphur  and  silica)  unlil  the  whole  of  the  soluble  matter  is  separated 
from  it.     Reserve  the  insoluble  residue  for  further  examination. 

Now  evaporate  the  filtered  solution  so  as  to  expel  the  niiric  acid,  and 
add  some  hydrochloric  aoid  from  time  to  time,  so  as  to  have  HCl  in  a 
slight  excess.  From  this  solution  precipitate  the  sulphur,  as  sulphuric 
aoid,  by  chloride  of  barium,  (as  in  'SlOu.)  Collect  the  precipitate,  wash, 
dzy  and  weigh,  as  has  been  done  for  iron  pyrites. 

To  determine  the  Copper,  To  the  filtered  solution  add  hydrosulphurie 
acid,  which  precipitates  the  copper  as  sulphide  of  copper  rz  CuS.  This 
precipitate  is  washed  with  water,  saturated  wiih  HS.  The  precipitate 
and  ash  of  the  filter  is  poured  into  a  test  tube  or  beaker,  and  a  little 
aqua  regia  added  to  oxidize  the  copper.  Then  boil  and  add  caustic 
potassa,  which  will  precipitate  the  copper,  as  black  oxide  of  copper, 
CuO,  having  79.84  per  cent,  of  copper. 

To  determine  the  sulphur  and  siliceous  matter  in  the  above  residue^  Let  the 
residue  be  well  dried  and  weighed,  then  ignited  to  expel  the  sulphur ; 
now  weighed,  the  difl'erence  in  weight  will  be  the  sulphur,  which,  added 
to  the  weight  of  sulphur  fpund  from  the  sulphate  of  baryta,  will  give  the 
whole  of  the  sulphur. 

The  siliceous  matter  is  equal  to  the  weight  of  the  above  residue  after 
being  ignited. 

To  determine  the  Iron.  The  solution  filtered  from  the  sulphide  of  cop- 
per is  now  boiled  to  expel  the  hydrosulphurie  acid,  filtered,  and  then 
heated  with  a  little  nitric  acid  to  reduce  the  iron  to  a  state  of  peroxide. 
To  this  add  ammonia  in  slight  excess,  which  precipitates  the  iron  as  a 
peroxide.  This  filtered,  dried  and  weighed,  will  contain,  in  every  100 
gndns,  70  grains  of  iron ;  because  40  :  28  ::  100.  Here  28  is  the  atomic 
weight  of  iron,  and  40  that  of  sesquioxide  of  iron  =  Fe  0  =  56  4-  24 =80> 
but  80  and  56  are  to  one  anot&er  as  40  is  to  28. 

Those  marked  with  an  asterisk  {*)  are  the  most  delicate  tests. 

810w.  jS^K^AureM/ Zinc,  (blende)  may  contain  Iron,  Cadmium,  Lead, 
Copper,  Cobalt  and  Nickel. 

The  mineral  is  dissolved  in  aqitt  regia.  Collect  the  sulphur  as  in  seo. 
810t,  and  expel  the  NO5  by  adcM^  HCl  and  evaporating  the  solution, 
which  dilute  with  water,  and  again  render  slightly  aoid  by  HCl.  To  this 
acid  solution  (firee  from  nitric  acid)  add  H8,  which  precipitates 'all  the 
copper,  lead  and  cadmium,  and  leaves  the  iron,  manganese  and  sine  in 
solution.     Let  the  precipitate  =  A. 

To  determine  the  Iron,  neutralize  the  solution  with  ammonia,  and  pre- 
cipitate the  iron  by  caustic  ammonia,  or  better  by  succinate  of  ammonia* 
Collect  the  precipitate,  and  heat  to  redness  in  the  open  air,  which  will 
give  peroxide  of  iron  =  Fe208,  which  has  70  per  oent.  of  iron. 

To  determine  the  Zinc.  The  last  filtrate  is  to  be  made  neutral,  to  which 
add  sulphide  of  ammonium,  which  precipitates  the  sine  ftrom  magnesia^ 
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lime,  strontia  or  baryte,  as  salphide  of  zino.     Pour  the  filtrate  first  on 
the  filter,  then  (be  precipitare.     Golleot,  dry  and  heat  to  redness,  giyes 
oxide  of  zinc  =  /nO,  having  80.26  per  cent,  of  zinc. 
We  may  have  in  the  reserved  precipitate  A,  copper,  lead  and  cadmium. 

To  determine  the  Cadmium,  Dissolre  A,  in  NO^,  and  add  carbonate  of 
ammonia  in  excess,  which  will  precipitate  the  cadmium.  Collect  the 
precipitate  and  call  it  B.  To  the  filtrate  add  a  little  carbonate  of  ammo- 
nia, and  heat  the  solution  when  any  cadmium  will  be  precipitated,  which 
CQlIect  and  add  to  B,  and  heat  the  whole  to  redness  to  obtain  oxide  of 
eadmium,  which  has  87.45  per  cent,  of  cadmium. 

To  determine  the  Copper^  make  the  last  filtrate  slightly  acid.  Boil  the 
solution  now  left  with  caustic  ammonia,  collect  and  heat  to  redness,  the 
result  will  be  oxide  of  copper  CuO,  having  80  per  cent,  of  Cu. 

To  determine  the  Lead,  The  lead  is  now  held  in  solution,  render  it 
slightly  acid  and  pass  a  current  of  HS,  which  will  precipitate  black  sul- 
phide of  lead ;  if  any  =  PbS,  which  collect  and  heat  to  redness  to  deter- 
mine as  oxide  of  lead  =  PbO,  "which  has. 92.85  per  cent  of  lead. 

To  neparate  Zinc  from  Cobalt  and  Nickel.  The  mineral  is  oxidized  as 
above,  and  then  precipitated  from  the  acid  solution  by  carbonate  of 
soda.  The  precipitate  is  collected  and  washed  with  the  same  reagent,  so 
as  to  remove  all  inorganic  acids.  The  oxides  are  now  dissolved  in  acetio 
acid,  from  which  HS  will  precipitate  the  zinc  as  sulphide  of  zino  =  ZnS, 
which  Oxidize  as  above  and  weigh. 

7\>  separate  the  oxides  of  Nickel  and  Cobalt.  Let  the  oxides  of  nickel 
and  cobalt  be  dissolved  in  HCl,  and  let  the  solution  be  highly  diluted 
with  water ;  about  a  pound  of  water  to  every  15  grains  of  the  oxide.  Let 
this  be  kept  in  a  large  vessel,  and  let  it  be  filled  permanently  with  chlo- 
rine gas  for  several  hours,  then  add  carbonate  of  baryta  in  excesis ;  let  it 
Btand  for  18  hours,  and  be  shaken  from  time  to  time.  Golleot  the  pre- 
cipitate and  wash  with  cold  water ;  this  oontains  the  cobalt  as  a  sesqul- 
oxide,  and  the  baryta  as  carbonate.  Reserve  the  filtrate  B.  Boil  the 
precipitate  with  HCl,  and  add  SOS,  which  will  precipitate  the  baryta  and 
leave  the  cobalt  in  solution,  which  precipitate  by  caustic  potassa,  which 
dry  and  collect  as  oxide  of  nickel. 

The  nickel  is  precipitated  from  the  filtrate  B,  by  caustic  potassa,  as  oxide 
of  nickel,  which  wash,  dry  and  collect  as  usual. 

To  stparate  Goldj  Siher,  CoppeVf  Lead  and  Antimony, 

ZtOx.  The  mineral  is  pulverized  and  dissolved  in  aqua  regia, 
eomposed  of  one  part  of  nitric  acid  and  four  parts  of  hydrochloric  acid. 
Decant  the  liquid  to  remove  any  siliceous  matter.  Heat  the  solution  and 
add  hydrochloric  acid  which  will  precipitate  the  silver  as  a  chloride,  which 
wash  witti  much  water,  dry  and  put  in  a  porcelain  crucible.  Now  add  the 
aah  of  the  filter  to  the  above  chloride  of  silver,  on  which  pour  a  few  drops 
of  N05,  then  warm  the  solution  and  add  a  very  few  drops  of  HCl  to  convert 
the  nitrate  ef  silver  into  chloride  of  silver.  Expel  the  acid  by  evapor- 
ation. Melt  the  chloride  of  silver  and  weigh  when  cooled.  When  washed 
with  water  any  chloride  of  lead  is  dissolved ;  but  if  we  suspect  lead,  we 
make  a  oonoentrated  solution,  and  precipitate  both  lead  and  silrer  as 
ehlorides  by  HCl;  then  dissolve  in  NOs  and  precipitate  the  lead  by  caustic 
potassa  as  oxide  of  lead,  leaving  the  silver  in  solution,  which  if  acidified, 
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and  HS  passed  through  it,  will  precipitate  the  silver  as  sulphide  of  ulTer 
which  heat,  to  redness,  and  weigh  as  oxide  of  siWer.     ' 

To  determine  the  Gold.  We  suppose  that  every  trace  of  NO^  is  remoTed 
from  the  last  filtrate  and  that  it  is  dilated.  Then  boil  it  with  oxalic  acid, 
and  let  it  remain  warm  for  two  days,  wben  the  gold  will  be  precipitated, 
which  collect  and  wash  with  a  little  ammonia  to  remove  any  oxalate  of 
copper  that  may  adhere  to  rhe  gold.  Heat  the  dried  precipitate  with  the 
ash  of  the  filter  to  redness,  and  weigh  as  oxide  of  gold  AnO,  which  has 
96.15  per  cent,  of  gold. 

To  deiirmine  the  Copper,  To  the  last  filtrate  dilated,  add  oanstio  potassa 
at  the  boiling  point,  which  will  precipitate  the  copper.  Wash  the  prec. 
with  boiling  water,  dry,  heat  to  redness,  and  weigh  .as  protoxide  of  cop- 
per =  CaO.     In  eyery  100  grains  there  are  79.84  grains  of  copper. 

To  sq>arate  Lead  and  Bumuth, 

The  mineral  is  first  dissoWed  in  NO5,  then  add  SO3  in  excess,  and 
evaporate  until  the  NO^  is  expelled.  Add  water,  then  the  lead  is  pre- 
cipitated as  snlphate  of  lead,  which  collect,  etc.  In  every  100  grains 
there  are  68.28  of  lead. 

The  bitmuth  is  precipitated  Arom  the  filtrate  by  carbonate  of  ammonia. 
The  precipitate  is  peroxide  of  bismath  =  Bi?08,  which  collect,  etc.  This 
prec.  has  89.91  per  cent  of  bismuth. 

To  determine  the  Antimony,  Let  a  weighed  portion  be  dissolved  in  N05. 
Add  much  water  and  evaporate  to  remove  the  acid,  leaving  the  solution 
neutral.  Now  add  sulphide  of  ammonium,  which  precipitates  the  alumina, 
cobalt,  nickel,  copper,  iron  and  lead.  Collect  the  filtrate,  to  which  add 
the  solutidn  used  in  washing  the  precipitate.  Concentrate  the  amount  by 
evaporation  and  render  it  slightly  acid.  Then  add  hydrochloric  add, 
which  precipitates  the  silver  as  a  chloride,  leaving  the  antimony  in  solu- 
tion, which  is  precipitated  by  caustic  ammonia  as  a  white  insoluble  preo. 
SbOs,  which,  when  dried,  etc.,  contains  84.81  per  cent,  of  antimony. 

NoTB.    The  caustic  ammonia  must  be  added  gradually. 

For  the  difference  between  antimony  and  arsenic,  see  p.  72b79. 

To  determine  Mercury, 

810t.  Mercury  is  determined  in  the  metallic  state  as  follows:  There  is  a 
combustion  furnace  made  of  sheet  iron  about  8  inches  long,  5  inches 
deep,  and  4  inches  wide.  There  is  an  aperture  in  one  end  from  top  to 
within  2  inches  of  the  bottom,  and  a  rest  corresponding  within  1  inch  of 
the  other  end.  A  tube  of  Bohemian  glass  is  opened  at  one  end,  and  bent 
and  drawn  out  nearly  to.  a  point  at  the  other.  The  bent  part  is  to  be  of 
such  length  as  to  reach  half  the  depth  of  a  glass  or  tumbler  taU  of  water 
and  ice,  into  which  the  fine  point  of  the  reducing  tube  must  be  kept  im- 
mersed during  the  distillation  of  the  mercury.  Fill  the  next  inch  to  the 
bottom  or  thick  end  with  pulverized  limestone  and  bicarbonate  of  soda ; 
then  put  in  the  mineral  or  mercury.  Next  2  inches  of  quick  or  oanstio 
lime,  then  a  plug  of  abestoes.  The  tube  is  now  in  the  sheet^lron  box  and 
heated  with  charcoal,  first  heating  the  quick  lime,  next  the  mineral,  and 
lastly  the  limestone  and  soda.  Allow  the  process  to  go  on  some  time, 
until  the  mercury  will  be  found  condensed  in  the  glass  of  water,  which 
collect,  dry  on  blotting  paper,  and  weigh, — (rraham^e  Chemiiiry^ 
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OtherwiM.  BissoWe  the  mineral  in  HCl.  Add  a  solution  of  protochlor- 
»ide  of  tin  in  CI  in  excess,  and*  boil  ihe  mixture.  The  mercury  is  now 
reduced  to  the  metallic  state,  which  collect  as  aboTe. 

To  determine  ^n. 

DiosolTeln  HGl  and  precipitate  with  HS  in  excess,  letting  it  remain  warm 
for  some  hoars.  Collect  the  precipitate  and  roast  it  in  an  open  crucible, 
adding  a  little  N0&  so  as  to  oxidize  the  tin  and  the  other  metals  that  may 
be  present.  To  a  solution  of  the  last  oxide,  add  ammonia  and  then  sul- 
phide of  .ammonium,  which  will  hold  the  tin  in  solution  and  precipitate 
the  other  metals  of  class  8.    Se#p.  72b74. 

If  we  suspect  antimony  in  the  solution,  the  reagent  last  used  must  be 
added  slowly,  as  antimony  is  soluble  in  excess  of  the  reagent. 

WATER. 

810z.  Distilled  water  is  chemically  pure.  Ice  and  rain  water  are  nearly 
pore.  Distilled  water  at  a  temperature  of  60°  has  a  specific  gravity  of 
1000.  That  is,  one  cubic  foot  weighs  1000  ounces  =  62}  &>&.,  contain- 
ing 6.282  imperial  gallons  =  7.48  United  States  gallons. 

NoTB.  JSnffineers  in  estimating  for  public  works,  lake  one  cubic  foot  of 
water  ^=  6^  imperial  gallons,  and  one  cubic  foot  of  steam  for  eyery  inch 
of  water. 

Water,  at  the  boiling  point,  generates  a  volume  of  steam  =  to  1689 
timee  the  volume  of  water  used.  The  volume  of  steam  generated  from 
one  inch  of  water  will  fill  a  vessel  holding  7  gallons. 

Water  presses  in  all  directions.  Its  greatest  pressure  is  at  two-thirds 
of  the  depth  of  the  reservoir,  measured  from  the  top.  The  same  point  is 
that  of  percussion. 

OreaUtt  density  of  water  is  at  89°  80^,  from  which  point  it  expands  both 
ways.  Ice  has  a  specific  gravity  of  0.918  to  0.960.  The  water  of  the 
Atlantic  Ocean  has  a  specific  gravity  of  X.027;  the  Pacific  Ocean  = 
1.026;  the  Mediterranean  (mean)  =  1.0285;  Bed  Sea,  at  the  Gulf  of 
Suet  ==  1.089. 

MiNKBAL  Watbbs,  btc  Carbonated,  saline,  sulphurous  and  chalybeate. 

Carhonatedy  is  that  which  contains  an  abundance  of  carbonic  acid,  with 
some  of  the  alkalies.     This  water  reddens  blue  litmus,  and  is  sparkling. 

Saline,  is  that  in  which  chloride  of  sodium  predominates,  and  contains 
soda,  poiassa  and  magnesia. 

Sulphtiroue,  is  known  by  its  odor  of  rotten  eggs,  or  sulphuretted 
hydrogen,  and  is  caused  by  the  decomposition  of  iron  pyrites,  through 
which  the  water  passes.  The  vegetation  near  sulphur  springs  has  a 
purple  color. 

Chalybeate,  is  that  which  holds  iron  in  solution,  and  is  dalled  carbon' 
ated  when  there  is  but  a  small  quantity  of  saline  matter.  It  has  an 
inky  taste,  and  gives  with  tincture  of  galls,  a  pink  or  purple  color.  It 
is  called  eulphaled  when  the  iron  held  in  solution  is  derived  from  iron 
pyrites,  and  is  found  in  abundance  with  the  smell  of  sulphuretted  hydro- 
gen. Thfi  chalybeate  waters  of  Tunbridge  and  Bath  in  England,  derive 
their  strong  chalybeate  taste  from  one  part  of  iron  in  86,000  parts  of 
water,  or  two  grains  of  iron  in  one  gallon  of  the  water.    Water  travers- 


72b96  WATiR. 

ing  a  mineral  country,  is  found  to  contain  arsenic,  to  whioh,  when  foYxnd 
in  chalybeate,  chemists  attribute  the  tonic  properties  of  this  water.  < 
Hoffman  finds  one  graio  of  arsenic  per  gallon  in  the  chalybeate  well  of 
Weisbaden.  Mr.  Church  finds  one  grain  of  arsenic  in  260  gallons  of  the 
riTer  Whitbeck  in  Cumberland,  England,  which  water  is  made  to  supply 
a  large  town. 

Arsenic  has  been  found  in  46  riTers  in  France.  The  springe  of  Ylehy, 
of  Mont  d'Or  and  Plombiers,  contain  the  125th  part  of  a  grain  ef 
arsenic  in  the  gallon. 

If  lime  is  present,  oxalate  of  ammonia  gives  a  white  pree. 

If  chloride  of  todium^  nitrate  of  silver  gives  a  prec.  not  entirely  dis- 
solved  in  nitric  acid. 
If  an  Maline  earbonaUf  such  as  bicarbonate  of  lime. 

Arsenic  nitrate  of  silver  gives  a  primrose  yellow  prec. 

An  alkaline  solution  of  logwood,  gives  a  violet  color  to  the  water  if  lime 
is  present.  The  solution  of  logwood  gives  the  same  reaction  with  bicar- 
bonate of  potassa  and  soda.  To  distinguish  whether  lime  or  potassa  and 
soda  are  present,  we  add  a  solution  of  chloride  of  calcium,  which  gives 
no  precipitate  with  bicarbonate  of  lime. 

Suiphurie  acid,  is  present,  if,  after  sometime,  nitrat'e  of  baryta  gives  a 
prec.  insol.  in  nitric  acid. 

Carbonate  of  lime  is  present,  if  the  water  when  boiled  appears  milky. 
Lime  water  as  a  test,  gives  it  a  milky  appearance. 

Organic  matter  is  precipitated  by  terohloride  of  gold,  or  a  solution  of 
acetate  of  copper,  having  twenty  grains  to  one  ounce  of  wa'ter.  After 
applying  the  acetate  of  copper,  let  it  rest  for  12  hours ;  at  the  end  of 
which  time  all  the  organic  matter  will  be  precipitated. 

Organic  matter  may  be  determined  by  adding  a  solution  of  permanga- 
nate of  potassa,  which  will  remain  colored  if  no  organic  matter  is 
present ;  but  when  any  organic  substance  is  held  in  solution,  the  perman- 
ganate solution  is  immediately  discolored.  We  make  a  permanganate 
solution  by  adding  some  permanganate  of  potassa  to  distilled  water,  till 
it  has  a  deep  amethyst  red  tint  We  now  can  compare  one  water  with 
another  by  the  measures  of  the  test,  sufficient  to  be  discolored  by  equal 
Tolumes  of  the  waters  thus  compared. 

Carbonates  of  lime  and  magnesia,  also  sulphate  of  lime,  act  iigurionsly 
on  boilers  by  forming  incrustations. 

The  presence  of  chloride  of  sodium  and  carbonate  of  Ume  in  small 
quantities,  as  generally  found  in  rivers,  is  not  unhealthy. 

M.  Bouswngatdt  has  proved  that  calcareous  salts  of  potable  water,  in 
coz^unction  with  those  contained  in  food,  aid  in  the  development  of  the 
bony  skeleton  of  animals.  Taylor  says  that  the  search  for  noncalcareous 
water  is  a  fallacy,  and  that  if  lime  were  not  freely  taken  in  our  daily 
food,  either  in  solids  or  liquids,  the  bones  would  be  destitute  of  the 
proper  amount  of  mineral  nfatter  for  their  normal  development. 

Where  the  water  i$  pure,  lead  pipes  should^not  be  used,  as  the  purest 
water  acts  the  most  on  lead.  Let  there  be  a  slip  of  clean  lead  about  six 
to  eight  inches  square  immersed  in  the  water /or  48  hours,  aad  exposed 
to  the  ur.  Let  the  weight  before  and  after  immersion  be  determined, 
and  then  a  stream  of  sulphuretted  hydrogen  made  to  pass  through  the 
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water  and  then  into  the  supposed  lead  solution,  which  will  precipitate  the 
lead  as  a  black  sulphide  of  lead. 

Tojflor  saySi  that  water  containing  nitrates  or  chlorides  in  unusual 
qxiantity,  generally  acts  upon  lead.    * 

Water  in  passing  through  an  iron  pipe,  loses  some  if  not  all  of  its  car- 
bonio  aoid,  thereby  forming  a  bulky  prec.  of  iron,  which  is  carried  on  to 
meet  the  lead  where  it  yields  up  its  oxygen  to  the  lead,  forming  oxide  of 
lead,  to  be  carried  over  and  supplied  with  the  water,  producing  lead 
disease. 

li  is  to  be  hoped  that  iron  supply  pipes  or  some  others  not  ozidixable, 
wiU  be  used. 
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SUPPLT  OF  Towns  WITH   WATER. 


810b.  Water  is  brought  from  large  lakes,  rivers  or  wells.  That  from  small 
lakes  is  found  to  be  impure,  also  that  from  many  rivers.  A  supply  from 
a  large  lake  taken  from  a  point  beyond  the  possibility  of  being  rendered 
impure  is  preferable,  provided  it  is  not  deficient  in  the  mineral  matter  re- 
quired to  render  it  fit  for  culinary  purposes.  The  water  must  be  free 
from  an  excess  of  mineral,  or  organic  matter,  and  be  such  as  not  to  oxidize 
lead. 

8oUd  matter  m  grama  per  ffoUorij  are  as  follows  in  some  of  the  principal 
places: 


Loch  Katrine  in  Scotland,  2 

Loch  Ness  in  Annandale,  2 

Biver  Thames  at  London,  28.36 

"          •«          Greenwich,  27.79 

"          "          Hampton,  16 

Mean  of  4  English  rivers,  20.75 

Rhone  at  Lyons,  France,  18.88 

at  Paris,  20 


]>anube  at  Vienna,  10.15 

Scheldt,  Belgium,  20.88 

Schuylkill,  Philadelphia.  4.49 

Croton,  N.  Y.,  4.16 

Chicago  river,  20.75 

Lake  Michigan  2  miles  out,  8.01 

Gochituate  at  Boston,  8.12 

St  Lawrence,  near  Montreal,  11.04 

Garonne  at  Toulon,                   9.56 1  Ottawa,               «          «  4.21 


Bhine  at  Basle,  11.97 


Hydrant  at  Quebec,  2.5 


Water  drawn  from  wdU  contains  variable  quantities  of  mineral  matter, 
which,  according  to  Taylor,  is  from  180  to  140  grains  in  wells  from  40  to 
60  feet  deep.  The  artesian  wells  which  penetrate  the  London  clay,  con- 
tain from  50  to  70  grains  in  the  imperial  gallon. 

CaUk  towi,  or  water  eked,  is  that  district  area  whose  water  can  be  im- 
pounded and  made  available  for  water  supply.  One-half  the  rain-fall 
WM^  be  taken  as  an  approximate  quantity  to  be  impounded,  which  is  to 
be  modified  for  the  nature  of  the  soil  and  local  evaporation. 

Mr.  Hawkesly  in  England  collects  48  per  cent,  of  the  rain-fall. 
Mr.  Stirrat  in  Scotland,  finds     ^^67        "  " 

In  Albany,  U.  States,  40  to  60  peMent.  may  be  annually  collected. 
The  engineer  will  consult  the  nofiQitt  meteorological  observations. 

AHVUAIi  HAIir-rALL. 

810a*.  The  following  table  of  mean  annual  rain-fall  is  compiled  from 
anthentio  souroes.  That  for  the  United  States  is  from  the  Army  Meteo- 
rologieal  Regi>ter  for  1856. 
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Penzanoe,  England, 

48.1 

Santa  Fe,  New  Mexico, 

19.8 

Plymouth,         " 

35.7 

Ft.  Deroloce,        " 

16.6 

Greenwich,       " 

23.0 

Ft  Yuma,            " 

10.4 

Manchester,     " 

27.3 

San  Diego,           ** 

12.2 

Keswick,  Westmoreland, 

60 

Monterey,           *' 

24.6 

Applegate,  Scotland, 

83.8 

San  Francisco,  California, 

23.5 

Glasgow,          " 

88.6 

Hancock  Barracks,  Maine, 

87 

Edinburgh,      " 

26.6 

Ft  Independence,  Mass., 

86.8 

Glencose,  Pentlands,  Scotland,  36.1 

Ft  Adams,  Rhode  Island, 

62.5 

Dublin,  Ireland, 

80.9 

Ft  Trumbull,  Connecticut, 

45.6 

Belfast,      « 

85 

Ft.  Hamilton,  N.  Y., 

48.7 

Cork,         " 

86 

West  Point,        *• 

64.2 

Derry,         " 

81.1 

Plattsburgh,       " 

88.4 

St.  Petersborg,  Russia, 

16 

Ft  Ontario,        " 

80.9 

Rome,  Italy, 

86 

Ft.  Niagara,        << 

81.8 

Pisa,       " 

37 

Buffalo,               «* 

88.9 

Zurich,  Switzerland, 

82.4 

Ft  Miflin,  Penn., 

46.8 

Paris,  France, 

21 

Ft  MoHenry,  Maryland, 

42 

Grenada,  Central  America, 

126 

Washington  City, 

41.2 

Calcutta,  £.  Indies, 

77 

Ft  Monroe,  Virginia, 

60.9 

Detroit,  Michigan, 

80.1 

Ft  Johnston,  N.  Carolina, 

46 

Ft.  Gratiot,  " 

82.6 

Ft  Moultrie,  South  Carolina, 

44.9 

Ft.  Mackinaw,  Michigan, 

23.9 

Oglethorp,  Georgia, 

63.8 

Milwaukee,  Wis., 

80.8 

Key  West,  Florida, 

47.7 

Ft.  Atkinson,  Iowa, 

89.7 

Ft  Pierce,        <* 

68 

Ft.  Desmoines,   " 

26.6 

Mt  Vernon,  Alabama, 

68.6 

Ft.  Snelling,  Minnesota, 

26.4 

Ft  Wood,  Louisiana, 

60 

Ft.  Dodge,           " 

27.8 

Ft  Pike,          " 

71.9 

Ft  Kearney,  Nebraska, 

28 

New  Orleans,   " 

50.9 

Ft.  Laramie,        « 

85 

Ft.  Jessup,      «« 

45.9 

Ft.  Belknap,  Texas, 

22 

Ft  Town,  Indian  Territory, 

51.1 

Brazos  Fork,     *« 

17.2 

Ft  Gibson,          «* 

86.5 

Ft  Graham,      '< 

40.6 

Ft  Smith,  Arkansas, 

42.1 

Ft  Croghan,     " 

86  6 

Ft  Scott,  Kansas, 

42.1 

Corpus  Christi,  Texas, 

41.1 

Ft  Leayen worth,  Kansas, 

80.8 

Ft  Mcintosh,          " 

18.7 

Jefferson,  Missouri, 

87.8 

Ft  Filmore,  New  Mexico, 

9.2 

St  Louis,        « 

42 

Ft  Webster,        «* 

14.6 

Daily  iupply  of  xoaUr  to  each  person  in  the  following  cities : 

New  York,  52  gallons.  Boston,  97.  Philadelphia,  86.  Baltimore,  25. 
St  Louis,  40.  Cincinnati,  80.  Chicago,  43.  Buffalo,  48.  Albany,  69. 
Jersey  City,  69.    Detroit,  81.    Washington,  19.    London,  80. 

Seservoira.  The  following  is  a  list  of  some  of  the  principal  resenroirs 
with  their  contents  in  cubic  feet  and 'days'  supply: 

RkmgUm  Pike,  near  Liyerpool,  604,960,000  cubic  feet,  holds  150  days' 
supply. 
JBoUon,  21  millions  cubic  feet  =  146  days*  supply. 
Belmont,  75  million  cubic  feet  =  136  days*  supply. 
Bateman*9  Compeiuation,  near  Manchester,  has  166  million  cubic  feet 
BatemarCa  Crowdon,  near  Manchester,  18,493,600  cubic  feet 
BatemarCa  Armfield,  near  Manche^||^  88,756,656  cubic  feet 
LongmdaU,  292  million  cubic  ^eo^ttp  74  days'  supply. 
PreaUm,  4  reservoirs,  26,720,000  (sfto  feet  =  180  days'  supply. 
Compeiuaiionf  Glasgow,  12  millions  cubic  feet 
Croton,  New  York,  2  divisions,  24  millions  cubic  feet. 
Chicago,  Illinois,  the  water  will  be,  in  1867,  taken  ttom  a  point  two 
miles  from  the  shore  of  Lake  Michigan,  in  a  five-foot  tunnel,  thirty-two 
feet  under  the  bottom  of  the  Lake,  thus  giving  an  exhaustless  supply  of 
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pure  water.  The  water  now  supplied  is  taken  from  a  point  forty-five 
feet  from  the  shore,  and  half  a  mile  north  of  where  the  Chicago  River 
enters  Lake  Michigan,  conseqnently  the  supply  is  a  mixture  of  sewage, 
animal  matter  and  decomposed  fish,  with  myriads  of  small  fish  as  unwel- 
come yisitors. 

CONDUITS   OB  SUPPLY   MAINS. 

910b*.  Best  forms  for  open  conduits,  are  semi-circle,  half  a  square,  or 
a  rectangle  whose  width  =  twice  the  depth,  half  a  hexagon,  and  para- 
bolic when  intended  for  sewering.    (See  sec.  188.) 

CoYcred  conduits  ought  not  to  be  less  than  8  feet  wide  and  8}  high,  so 
as  to  allow  a  workman  to  make  any  repairs.  A  conduit  4  feet  square 
with  a  fall  of  2  feet  per  mile,  will  discharge  660,000  imperial  gallons  in 
one  hour.  The  conduit  may  be  a  combination  of  masonry  on  the  eleyated 
grounds,  and  iron  pipes  in  the  yalleys ;  the  pipes  to  be  used  as  syphons. 

The  ancients  carried  their  aqueducts  oyer  yalleys,  on  arches,  and 
sometimes  on  tiers  of  arches.  They  sometimes  had  one  part  coyered  and 
others  open.  Open  ones  are  objectionable,  owing  tct*  frost,  evaporation 
and  surface  drainage. 

DISCHAROB   THROUGH   FIPKS   AND   ORIFICES. 

310c*.  Pipes  under  pressure.  Pipes  of  potter's  clay,  can  bear  but  a 
light  pressure,  and  therefore  are  not  adapted  for  conveying  water. 

Wooden  Pipes,  bear  great  pressure,  but  being  liable  to  decay,  are  not 
to  be  recommended. 

Oast  Iron  P^pes,  should  have  a  thickness  as  follows :  t  =  0.08289  -f- 
0.015  D.  Here  d  =  diameter,  and  t  =  thickness  of  the  metal. 
IfAubUson's  ffydrauUes.     i  =  0.0238,  d  +  0.88.   According  to  Weisbach. 

Claudel  gives  the  following,  which  agrees  well  with  Beardmore's  table 
of  weight  and  strength  of  pipes,  t  =  0.00025  h  d  for  French  metres. 
t  ==:  0.00008  h  d  for  English  feet.  Here  t  =  thickness,  h  =  total  height 
due  to  the  velocity,  and  d  =  diameter. 

Lead  Pipes,  will  not  bear  but  about  one-ninth  the  pressure  of  cast  iron, 
and  are  so  dangerous  to  health,  as  to  render  them  unfit  to  be  used  for 
drawing  off  rain  water,  or  that  which  is  deficient  in  mineral  matter. 

The  pressure  on  the  pipe  at  any  given  point,  is  equal  to  the  weight  of  a 
eolumn  of  water  whose  height  is  equal  to  that  of  the  effective  height, 
which  is  the  height,  h  diminished  by  the  height  due  to  the  velocity 
in  the  pipe. 

Pressure  =  h  —  016,536  v^.    Here  v  is  the  theoretical  velocity. 

TorridUit^  Fundamental  Formula,  is 
V  =  y 2  g  h  for  theoretical  velocity. 

»  =  m  y^2  g  h  for  practical  or  effective  velocity. 

The  value  of  2  g  is  taken  at  64.408  as  a  mean  ftom  which  it  varies  with 
the  latitude  and  altitude. 

Th4  value  of  ff  can  be  found  for  latitude  L,  and  altitude  A,  assuming 
the  earth's  radius  =  R. 

g  =  32.17  (1.0029  Cos.  2  l)  X  (l  —  "B") 

Jtv 


g  =  20887600   (1.OOI6  Coa.  2  l) 

¥  ^ ai  |/2gh  ^  8.025  m  (/h  =  me«n  teloeitj. 

Q  B  8.026  A  m  /h  =  disabftrge  in  oubio  feet  per  lecood. 

A^  „  ,„    --    .    =  leetiODa]  u«k. 
e.026  m  v'b- 

V'h^  J-JJ5; — -  from  whleh  h  iB  found. 

The  TAlae  of  m,  Ihe  ooeScient  of  efflux  is  due  to  the  tma  eentraeU.  Ita 
nine  hta  been  eonght  for  bj  eminent  pbiloiophen  iridi  the  folloiriDg 
retolt;  As  the  priam  ofwAterapproecbesMiooltetfit  formnaoooliMted 
Teln,  (Mna  contracta)  making  the  diameter  of  the  prUm  diMharge  lesa 
than  that  of  the  orifice,  and  the  quaniit/  diMharged  oonsequentl;  lesa 
bj  a  multiplier  or  coefficient,  m.  The  valae  of  n  ii  Tuiable  according 
to  the  oriflee  and  bead,  or  charge  on  its  centre. 

Vma  Conlraeta.     The  annexed  figure  Bbows  the  proportiou  of  tho 
Mntracted  Tein  fdr  ciioular  orifices,   as  foand  by  Hiobellotit'a  latest 
experiment*.     A  B  is   the    entrance, 
and  ab  the  oorreBpondiDg  diameter  at 
outlet;  that  is  the  theoretical  oriSoe, 
A  B,  is  rednoed  lo  the  practical  or 
actual  one,  a  b.   When  A  B  ^  1,  then 
C  D  =  0.60,  and  a  i  ^  0.787  ;  there- 
fore the  ana  of  the  orifioe  at  the  side 
A  B  =  1  X  -785  and  that  at  ab  = 
.Te7*X<)-7864j  that  is  the  tbeoretiaal 
is  to  the  actual  as  1  is  to  0.619.-. 
m  =  0.619. 
The  Talaes  of  ■•  hare  been  given  bj  the  folloiring: 

Dr.  Bryan  Robinson,  Ireland,  in  1739,   gives  m  =  0.T74. 

Dr.  Maihev  Young,        do.  1788,  "  .02S. 

Ventnri,  Italy,  "  .623. 

Abbe  BcBsuet,  France,  '*  .618. 

Wichellotii,  Italy,  "  .616. 

Ejtelweiu,  Oermonj,  "         .618. 

Costol,  France,  1830,  "         .644. 

Marriot,   do  "  .892. 

Rencie,  England,  "  .625. 

Xavier,  France,  "  .616. 

KoTK.  It  is  supposed  that  Dr.  Robioson  used  thich  pUteE,  chamfered 
or  rounded  on  the  inside,  thereby  making  it  approach  tbejKita  eontra^a, 
aud  consequently  increasing  the  value  of  tn  or  ooeffictent  of  discharge. 

Rt^ecting  Robinion   sod   Marriot's,  we  have  a  mean  valna  of 
m  =  0.622,  which  is  frequently  used  by  Engineers. 

Taking  a  mean  of  Bosiuet,  Michellotti,  Eytelwcin  and  Xavier,  we  And 
the  value  of  m  =  0.617,  which  appears  to  have  been  that  ased  b;  Kenlte 
in  the  following  formulas,  where  A  =  sectional  area  of  orifice,  r  ez 
radius,  Q  discharge  in  cubic  feet  per  second,  h  ^  beighih  of  water  on  the 
centre  at  the  orifice,  and  m  =  O.GIT  —  coelBoient  of  diaeharge. 


Then  h  =  r,       thea   Q  =  8.026  m  y'S'X  -^^    J^- 

Do.        1.26  r,      do.  do.  .978   A. 

Do.       1.6   r,      do.  do.  .978   A. 

Do.         1.76  T,       do.  do.  .989    A. 

Do.        ■    2r,      do.  do.  .992   A. 

Do.  S  r,      do.  do.  .996    A. 

Do.  4r,      do.  do.  .998    A. 

Do.  6r,      do.  do.  .9987  A. 

Do.  e  r,      do.  do.  .9991  A. 

Benoe  It  appeus,  that  wbea  h  ^  r,  the  top  of  the  orifice  oomes  to  the 

■arfkee,  and  that  wben  h  becomes  gie«ter  or  equal  to  8  r,  that  the  gm~ 

wral  equation  Q  =  8.08  m  y/^  X  A,  reqnlrea  no  uodlfioation. 

The  following  6  formnlas  an  oom- 
plled  from  Herille's  Hjdraalios. 

Id  the  annexed  flgnre,  1, 8, 4  and  6 
Kr«  Bemi-drcnlu',  and  2  and  6  are 
drvolar  otif  CM. 

The  Talne  of  Q  ma?  be  found  from 
ilie  following  sitople  forotniss,  where 
A  ia  Ihe  area  of  each  orifice,  and 
■i  =  0.617^tbe  coefficient  of«ffliu. 

1.  Q;=  8.0218  A  v'rT 

2.  Q  =  4.7558  A  ^r 
8.    Q  =  8.6264  A  ^¥7 

'■    "-•■""VbXA.O+^.^t-jl.g) 

6.    Q_4.96H^bxi.(l-j^.f— ^-p) 

A^jutagti,  with  cylioddcal  tabes,  whose  lengths  ==  2J  Umei  thdr 
diameters,  give  m  :=^  0.816. 

Miehaiotti,  with  tabes  )  an  inch  to  8  inches  diameter  and  heftd  oTCr 
«entre  of  8  to  24  feet,  foniid  m  =  0,813. 

Tht  tamt  rttult  has  besn  fonnd  by  Bidone,  £;telwein  and  D'AnbisBon. 

Wtitbach,  from  his  eiperimeots,  gives  m  =  0.81G.  Henoe  it  appears 
that  e7lindrieal  tnbes  will  give  1.S26  times  u  much  as  orifioes  of  the 
tame  diameter  in  a  thin  plate. 

For  tabes  in  the  form  of  the  oontraoted  Tein,  ra  ^  1.00. 

For  oonloal  lubes  convergiDg  on  the  exterior,  making  a  conTergiDg  <^ 
of  ISJ",  m  =  0,95. 

For  conical  diverging  the  tiarrow  end  toward  Ihe  reserroir  and  making 
tbe  dlTeiging  <;  ^  6°  C,  m  ^  1.46,  and  the  inner  diameter  to  the  outer 
W  1  is  to  1.27. 

RoTB.  TKe  adjMagt  or  tube,  most  exceed  half  the  diameter  (that  length 
being  dae  to  tbe  eontraoted  Tein)  so  a«  to  exceed  the  quantit;  discliai^ed 
throagb  a  thin  plate. 

Cireular  Orifice:     Q  =  8.908d"  y/hT 

Cytindrical  adjvlage  at  abovt.     Q  ^  5.1C8  d'  j/h. 
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a  compotavi  tuie,  (see  Gg. 


=  6.673d»  /'ET 
a.  31D(-*)  the  pari  A  a  b  B  la  in  tlie  rorm 
of  Ihe  coDtrtcMd  Tein,  kud  abB  P  %  Irancated  cone  io  wbich  D  G  — r  9 
timM  a  b  ud  E  F  =  1.8  times  a  b.  This  will  make  the  dischftrge  2.4 
Umei  frekter  than  tb«t  Ibrongh  the  limple  orifice,  (^ee  BTtne'a  Modem 
CmloDlfttor,  p.  821.} 

Orifiea  Attoapanied  by  CyWtdrieai  A^fvlagM. 
Wheo  the  length  of  the  ndJQ^g"  '>  lot  tnore  than  the  ^uneter  of  the 
orifioe,  then  m  :=  0.S2. 
LengQi  2  to  8  Umea  the  dUmeter,  m  =  0.82.    |    86  times  b  =  6& 


Do. 
Do. 


do. 


.77. 
m»   .73. 


48 


m  =  60. 
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Orifieet  Aceov^amtd  mth  Coidad  Comtrgmg  A^uioffa. 

When  the  ai^utage  oonrergea  towards  the  eitremitj,  we  find  the  area 
of  the  orifice  at  the  exCrenii^  of  the  adjutage  tht  height  h  of  the  water 
in  the  reterroir  aboTe  the  mme  orifice.  Then  multiply  the  theoreticsl 
diMharge  \>j  the  followiDg  t«boUr  coefficients  or  TaluM  of  m : 

Let   A  =  aectional  area,  then    Q  =  m  A  y'2gh  =8.08  n  A/'HI 


An^Of 

CodBcl«.l.  of  U» 

Angle  or 

Coefflolent)  of  tbc 

Teloeitj. 

Ditohtige. 

Velocity. 

0°    0' 

.829 

.830 

18°  24' 

.946 

.982 

1    86 

,860 

.866 

14   28 

941 

.966 

8    10 

.895 

.894 

IS   SB 

938 

.971 

4    10 

.812 

.910 

19   28 

924 

.970 

6-  20 

.924 

.920 

21   00 

918 

.974 

7    62 

.929 

.981 

23   00 

913 

.974 

8    68 

.984 

.M2 

29  68 

896 

.976 

10   20 

.038 

.950 

40  20 

.080 

12    40 

.942 

.966 

48  60 

847 

.984 

The  abOTe  ie  Caatel'a  table  deriied  from  eiperimentg  made  with  eoni- 
oai  adjutages  or  tabes,  whoee  length  was  2.6  times  the  diameter  at  the 
extremity  or  onllet.     In  the  annexed 
figure  A  C  D   B   represents  Castel's 
tube  where  m  n  is  2.6  Umee  G  D  and 
angle  A  0  B  =  <  of  aoBTergenae. 

KoTB.  It  appears  that  when  the 
angle  at  0  is  13}  degrees  the  coeffi- 
cient of  discharge  will  be|thc  grealest. 

Tie  dittKargt  may  be   increaied  by 
making  m  n  equal  to  C  D,  A  B  z=  1.2  times  C  D,  and  rounding  or  cham- 
fering the  sides  at  A  and  B. 

In  the  next  two  tables,  we  bare  reduoed  Blaokwell's  eoefficient  flrom 
minnles  to  seconds,  and  eall  C  =  m.  Q  e:,  8.03  m  A  /h  or  Q  ==  C  A/h, 
where  C  is  Ihe  talue  of  8.03  m  in  the  last  column,  h  is  alwaje  taken 
back  from  the  overfstl  at  a  point  where  the  water  appears  to  be  stilL 

EtperimentB  1  to  12,  by  Blackwell,  on  the  Kennet  and  ATon  Canal. 

Experiment  I-t,  by  Blackwell  and  Simpson,  at  Chew  Magna,  England. 
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810»*.  OVERFALL  WEIRS,  COEFFICIENT  OF  DISCHARGE. 


No. 

Description  of  Overfall. 

Head  in  inches. 

Value  of  m 

Value  of 
8.08  m  -  C. 

1 

Thin  plate  8  feet  long. 

1  to  8 

.440 

8.588 

«            «i         ti 

8  to  6 

.402 

8.228 

2 

"         10  feet  long. 

1  to  8 

.501 

4.028 

((           tt        « 

8  to  6 

.485 

8.498 

«                       4(                << 

6  to  9 

.870 

2.971 

8 

Plank  2  inches  thick  irith  a 

notch  8  feet  long. 

1  to  8 

.842 

2.746 

«            <« 

8  to  6 

.884 

8.083 

it                    K 

6  tolO 

.406 

8.260 

4 

Plank  2  in.  thick,  notch  6  ft 

1  to  8 

.859 

2.888 

a                      u 

8  to  6 

.896 

8.179 

««                      « 

6  to  9 

.892 

8.148 

«                      tt 

9  tol4 

.858 

2.878 

5 

Prk  2  in.  thick,  notch  10  fL 

1  to  8 

.846 

2.778 

tt                  tt 

8  to  6 

.897 

8.191 

ti                  tt 

6  to  9 

.874 

8.008 

it                  it 

9  tol4 

.886 

2.698 

6 

Same  as  5,  with  wing  walls 

1  to  2 

.476 

8.822 

tt               tt 

4  to  5 

.442 

8.549 

7 

OrerfaU  with  crest  8  feet 
Wide  sloping  1  in  12—8  ft. 

Long  like  a  weir. 

1  to  8 

.842 

2.746 

«<               <c 

8  to  6 

.828 

2.684 

tt            tt 

6  to  9 

.811 

2.497 

8 

Same  as  7,  but  slopes  1  in  18 

1  to  8 

.862 

2.907 

8  to  6 

.845 

2.787 

6  to  9 

.882 

2.666 

9 

Same  as  7  &  8  bat  10  ft  long 

1  to  4 

.828 

2.684 

tt               « 

4  to  8 

.850 

2.810 

10 

Level  crest  8  ft  w.  &  6  long 

1  to  8 

.805 

2.449 

tt                   u 

8  to  6 

.811 

2.497 

tt              It 

6  to  9 

.818 

2.553 

11 

41                           tt 

8  to  7 

.880 

2.649 

tt                   u 

7  tol2 

.810 

2.489 

12 

Same  as  11  bat  10  ft.  long. 

1  to  5 

.806 

2.457 

tt                             U 

5  to  8 

.827 

2.626 

tt                        u 

8  tolO 

.818 

2.518 

18 

Overfall  bar  10  feet  long 

1  to  8 

.487 

8.509 

And  2  inches  thick. 

8  to  6 

499 

4.007 

tt              u 

6  to  9 

.505 

4.055 

BLACEWELL'S  SECOND  EXPERIMENTS. 

Overfall  of  oast  iron,  2  inches  thick,  10  ft.  long,  square  top.    Canal  had 

wing  walls,  making  an  angle  of  45  degrees. 


Hoidlnibet 

Ooefft.m 

Head  in  ft. 

Coefft.  m 

Headfaift. 

Ooefft  m 

.083  to  .078 

.591 

.844 

.743 

.500 

.749 

.088  to  .088 

.626 

.859 

.760 

.516 

.748 

.182  to  .187 

.682 

.865 

.741 

.521 

.747 

.229 

.665 

.361 

.750 

.578 

.772 

.244 

.670 

.875 

.725 

.639 

.717 

.240 

.655 

.416 

.780 

.667 

.802 

.242 

.668 

.423 

.781 

.734 

.787 

.245 

.654 

.451 

.749 

.745 

.750 

.250  to  .252 

.725 

.453 

.751 

.750 

.781 

.388 

.745 

.496 

.728 

From  the  above  we  have  a  mean  value  of  m  =:  0.728. 
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The  reserToir  used  on  the  ATon  and  Kennet  cftnal,  in  England,  con- 
tained 106,200  square  feet,  and  was  not  kept  at  the  same  level,  but  the 
quantity  discharged  for  the  experiment  was  not  more  than  444  cubic 
feet,  which  would  reduce  the  head  but  .06  inch.  In  tiie  Chew  Magna 
we  have  an  area  of  6717  square  feet  kept  constantlj  full  by  a  pipe  2 
inches  in  diameter  Arom  a  head  of  19  feet  The  inlet  of  the  pipe  to 
the  OTerfall  being  100  feet,  consequently  the  water  approaches  the  fall 
with  a  certain  degree  of  Telocity,  which  partially  accounts  for  the  dif- 
ference in  Talae  of  m,  In  experiments  18  and  6. 

PoneeUt  and  Lebroti*  experiments  on  notches,  8  inches  long,  open  at  top : 


SiwofNotdh.!. 

Oo«A«i«nt  «. 

BfaMofNotolMe. 

Oodftdwtm. 

8    X  0-4 
8    X  0-8 
8    X  1-2 

8    X  1-6 
8    X  .2.4 

.686 
.626 
.618 
.611 
.601 

8X8*2 

8X4. 

8X6. 

8X8. 

8X9. 

.696 
.692 
.690 
:686 
.677 

From  these  small  notches  we  have  a  mean  Talue  of  m  es  .608. 

Du  Buaft  experiments  on  notches  18.4  long,  give  a  mean  coefficient 
m  =s  .682. 

Smeaton  and  BfindUy,  for  notches  6  inches  wide  and  1  to  6}  high,  give 
m  Bs  .687.  ' 

RamUt  for  small  rectangular  orifices,  giyes  aa  follows: 

Head  1  to  4  feet,  orifice  1  inch  square,  mean  Talue  of  m  as  .618. 

2  inches  long  and  }  high,  m  ass  .618. 
2  inches  long  and  f  deep,  m  =x  .682. 

The  following  table  is  Arom  PoneeUt  and  Lebros*  experiments  on  coTered 
orifices  in  thin  plates.  Width  of  the  orifice  .20  metre  (abont  8  inches) 
1 08  length,  and  h  ss  height  of  the  orifice. 


it 

u 


C4 


810?*. 


HEIGHT  OF  THE  ORIFICES. 


Head  on  cen- 
tre of  orifice. 

tn 
0.02 

.08 

.04 

.06 

.06 

.06 

.10 

.12 

.16 

.20 

.80 

.40 

.60 

.70 
1.00 
1.80 
1.60 
2.00 
8.00 


0.90  m 

0.01  m 

0.06  m 

0.08  m 

0.08  m 

l«h. 

l-2h 

la.4h 

la6.7h 

1-lOh 

m 

m 

sn 

•••••• 

.688 

.660 
.660 

.612 

.640 

.669 

.617 

.640 

.669 

.690 

.622 

.644 

.668 

.600 

.626 

.689 

.667 

.606 

.628 

.638 

.666 

,672 

.609 

.680 

.687 

.664 

.686 

.611 

.681 

.686 

.668 

.692 

.618 

.684 

.684 

.660 

.698 

.616 

.682 

.682 

.646 

.600 

.617 

.681 

.681 

.642 

.602 

.617 

.681 

.680 

.640 

.604 

.616 

.629 

.629 

.687 

.606  • 

.616 

.627 

.627 

.682 

.604 

.618 

.623 

.623 

.626 

.602 

.611 

.619 

.619 

.618 

.601 

.607 

.613 

.618 

.613 

.601 

.608 

.606 

.607 

.608 

0.01m 

1-aoh 

m 
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.671 
.667 
.664 
.660 
.666 
.660 
.647 
.648 
.688 
.627 
.621 
.616 
.618 
.609 
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Here  the  water  takes  the  form  of  the  hydraulic  cure,  nearly  lliat  of  a 
parabolic,  and  its  sectional  area  =  Y^  Ih.  The  co-efficient  increases  as 
the  orifice  approaches  the  sides  or  bottom. 

Let  C  =  coeft.  of  perfect  contraction,  and  C  =  cocfl.  of  partial  contrac- 
tion, then  C  =  C  +,  o  q  n. — Nroille. 

The  presence  of  a  coursoir,  mill-race,  or  channel,  has  no  sensible  efTect 
on  the  discharge,  when  the  head  on  its  centre  is  not  below  .50  to  .GO 
metres,  for  orifice  of  .20  to  .15  metres  high,  .30  to  .40  for  .10  metres 
high,  and  .20  for  .05  metres  high. 

The  charge  on  the  centre  is  seldom  l)elow  the  above. — MorhCs  Aide 
Alemoirfy  p.  27. 

310f.  Example  10:  From  NrjtlUs  HydranVics,  p.  7.— What  is  the 
discharge  in  cubic  feet  per  minute  from  ah  orifice  2  ft.  6  in.  long,  and  7 
in.  deep ;  the  upper  edge  being  3  in.  under  the  surface  of  apparent  still 
water  in  the  reservoir. 

Ih  =  2.5  ft.  X  7"  =  area,  S  of  orifice  =  1.458  square  feet. 
H  =  half  of  7"  +  3  =  6.5  in.  =  0.541666  ft.  =  surface  of  the  water  in  the 
reservoir  above  the  centre  of  the  orifice.     The  square  root  of 
0.541666  —  \'H  =  0.736.    Head  on  centre  of  orifice  =  6.5  in.  =  165  metres. 
Ratio  of  length  of  orifice  to  its  height  =  4.     Then  opposite,  165  metres, 
and  under  /  =  4  //,  find  in  —  0.616 

Q  =  8.03  X  0.616  X  1.458  x  0.736  =  cubic  ft.  per  second. 
Q  =  481.8  X  0.616  x  1.458  x  0.736  =  cubic  ft.  per  minute. 
N&yUIe  makes  ///  =  0.628,  and  Q  ==  320.4  cubic  feet. 
M.    Boileau,  in   his    Traite  de  la  Mesure  des  caux  cour antes ^   (Paris, 
1854,)  recommends  Poncelet  and  Lebros'  value  of  m  in  the  general  formula. 

Q  =  m  A s^Tgh    or  Q  =  m Ih  s2gh 

Complete  cotitraction  is  when  the  orifice  is  removed  1.5  in.  to  twice  its 
lesser  diameter  of  the  fluid  vein. 

The  French  make  m  —  .625  for  j»luices  near  the  bottom,  discharges 
either  above  or  under  the  water. 

Castel  has  found  that  3  sluices  in  a  gate  did  not  vary  the  value  of  m. 

310g.  I^t  K  =  hyd^  mean  depth;  V  =  surface  velocity,  by  Sec.  312; 
I)  =  diam. ;  r  =  radius  of  circular  orifices ;  v  =  mean,  and  w  —  bottom 
velocities ;  (^  =  discharge  in  cubic  feet  per  second ;  T  —  time  in  seconds ; 
A  =  area  of  section  of  conduit ;  I  =  the  head ;  per  unit  =  height  divide<l 
by  the  horizontal  distance  between  the  reservoir  and  out-let. 

V  —  0.90  V  for  rectangular  canals,  and  z'  -■--  0.903  V  for  those  with  earthen 
slopes.  — Boileau. 

r  =3  .80  V  for  large  channels,  by  Prony. 

V  =  0.835  V  for  large  channels,  by  Xinies,  Funk,  and  Brunin^. 

V  =  surface,  W  —  bottom  velocities. 

1/  =  0.80  V,  and  \V  —  .go  V,  by  Conference  on  Drainage  and  Irrigation 
at  Paris  in  1849  and  1850. 

Q  =  8.025  //I  A  V  h  is  the  general  formula  where  A  =  sectional  area. 

Q  =  quantity  in  cubic  feet  ;    h  =  height  of  reservoir  ;    m  =  co-elTt.  of 

efflux. 
Q  =  8.025  m  A  T  \  h  in  time  T. 

R  I  =  0.00002427  V  +  0.000111416  V-  all  in  feet,  Eytelwein;  from  which 
he  gives  V  =  J ^  \  Ry"  in  which  formulas  he  puts  R  =  hyd,  mean  depth, 
f—  twice  the  fall  in  feet  per  mile,  and  I  =  inclination,  =  head  divided  by 
the  length. 
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V  =  \°  s'  R/  is  used  by  Beardmore  and  many  Engineers. 

310^.  For  dear,  straight  rivers,  with  average  velcxaties  of  1.5,  Neville 
gives  V  =  02.3  V  R  1,  and  for  large  velocities  V  =  93.3  V  R  1-  He 
says  that  co-effts.  decrease  rapidly  when  velocities  are  below  1.5  ft.  per 
second.  In  his  second  edition  of  his  valuable  treatise  on  hydraulics, 
he  states  that  the  best  formula  proved  by  experiments  for  discharges 
over  weirs  is, 

2'' 

Q  =  1.06  (3  //  +  V  rt   )     —  \  a   .     Here  \  a  —  velocity  of  approach. 

31  Oh.  J/!  Boileau,  in  his  Traites  de  la  Mesure  des  eaux  caurantes^  p. 
345:    For  discharge  through  orifices, 

O  —  sectional  area  of  reservoir  at  still  water,  k  =  diff.  of  level  between 
the  summit  jf  the  section  O  and  that  of  the  section  (retnous  d*  aval^) 
where  the  ripple  begins. 

/        IT  /To"- 

n  =  A  V  2^^^ =  8.025  A  / 


j_A^  \   O'    —A 

0-' 

In  his  tables  he  makes  the  value  of  w,  coefft.  of  contraction  for  short 
rcmous,  or  eddy,  —  0.622,  0.600  when  it  attains  the  summit,  and  0.6SS 
when  the  orifice  is  surrounded  by  the  renious. 

310ii.     Let  Q  —  the  quantity  in  feet  per  second. 
(^  =  8.025  m  v'  //  =  effective  discharge  in  cubic  ft.  per  second,  m  =  \*ariable. 
C^)  =  4.879  A  V  //    orifice  surrounded  on  all  sides,  m  =  0.60S 

Q  =  5.048  A  v'  //    orifice  surrounded  on  three  sides,  m  =  0.629 

O  -  5.489  A  V  li    orifice  coincides  with  sides  and  bottom,  m  —  0.6S4 

n  "  5.939  A  \  h  as  last  sluice  makes  angle  60"  against  stream,  m  —  0.74O 
^l  -  G.420  A  v'  /'    as  last  but.  sluice  makes  the  angle  45",  m  —  0.800 

{)  —  5.016  A  \  //    sluice  vertical,  orifice  near  the  bottom,  m  —  0.625 

(J  -  4.253  Anj  h  2  sluices,  or  orifices,  within  10  ft.  of  each  other,  m  =  0.530 
()  =  6.019  A  VT"  the  flood  gates  make  lOOVith  the  current,  and  w  =  0.750 
that  there  are  3  sluices  guarded  to  conduct  the  water  into  the  buckets 
of  a  water  wheel  =  sum  of  the  areas. 

T  V  =  5.35  m  \'  A  =  mean  vel.  for  regular  orifices,  open  at  top,  and  is  the 
time  required  to  empty  a  given  vessel  when  there  is  no  efflux,  and  is  double 
the  time  required  to  empty  the  same  when  the  vessel  or  reservoir  is  kept  full. 

A  v'"/r" 

'[' Where  S  =  sectional  area'of  orifice,  and  A  =  that  of  the 


4.013  w  S         reservoir. 

--  lime  required  to  fall  a  given  depth,  H  -  A 


I     4.013  w  S 

(  8.025  /  w  S        ) 

Q  =  8.025  /  /;/  S .  ] +  \'  /<    [  -^  discharge  in  time  /. 

f         4  A  ) 

Q  -  8.025  w  S  s  H  -  A  when  reservoir  A  discharges  into  A' under  water. 

A  vlT 

T  =  =  time  required  to  fill  the  inferior  A'. 

4.013  m  S 

^  _  '. — '. time  to  bring  both  to  the  same  level  in  canul 

4.013  /;/  S  V  A  -  A'        locks. 
V  =  5.35  V  ( ^  +  0.0349410  W ).     Here  the  water  comes  to  the  reservoir 
with  a  given  velocity,  w. 
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310i.    For  lyArcy's  Formula,  see  p.  264 

He  has  given  for  %,  inch,  pipes  m  —  65.5  and  v  =  Q5.5  i^  r  s 
For  1"  diameter  v^.Z^  r  s  —  m  *J  r  s 
2r,m  =  d4.8,  r  m  =  101.7,  6"  =  105.3 
for  9',  m  =  107.8,  12"  =  109.3,  18  =110.7 

24"  diam.  v  =  111.5  y  r  J"  =  m^  r  s 

(          rs  )li  _ 

for  large  pipes  v  =  < >    =  118  ^  r  s 

{  0.00007726  ) 

3I0i.     Neville's  getieral  formula  for  pipes  and  rivers: 

?•  =  140  (riy^  -  (r  i)^  here  r  =  Ay  d,  mean  depth,  and  i  =  inclination. 

Frances,  in  Lowell,  Mass.,  has  found  for  over  falls,  ni  =.623.  (See 
his  valuable  experiments  made  in  Lowell. 

Thompson,  of  Belfast  College,  Ireland,  has  found  from  actual  experi- 
ments that  for  triangular  notches,  w  =  0.618,  and  Q  =  0.317// 5-3  =  cubic 
feet  per  minute,  and  h  —  head  in  inches. 

M.  Girard  says  it  is  indispensible  to  introduce  1.7  as  a  co-efficient,  due 
aquatic  plants  and  irregularities  in  the  bottom  and  sides  of  rivers.  Then 
the  hydraulic  mean  depth  (see  Sec.  77, )  is  found  by  multiplying  the  wetted 
peremeter  by  1.7  and  dividing  the  product  into  the  sectional  area. 

A  velocity  of  2^  feet  per  second  in  sewers  prevents  deposits. — London 
Srtveriige. 

310j.  Spouting  Fluids. — Let  T  =  top  of  edge  of  vessel,  and  B  =  bot- 
tom, O  =  orifice  in  the  side,  and  B  S  =  horizontal  distance  of  the  point 
where  the  water  is  thrown.     (See  fig.  60.) 

B  S  =  2  V  T  O .  O  B  =  2  O  E,  by  putting  O  E  for  the  ordinate  through 
O,  making  a  semi-circle  described  on  F  B. 

31  Ok.     On  the  application  of  water  as  a  motive  power:   Q  =  cubic  ft. 

per  minute,  //  —  height  of  reservoir  above  where  the  water  falls  on  the 

wheel,  P  =  theoretical  horse-power. 

528  P 

r  =  0.00189  Q  //,  and  Q  = 

h 

Available  horse-power  —  12  cubic  ft.,  falling  1  ft.  per  second,  and  is  gen- 
erally found  =  to  66  to  73  per  cent,  of  the  power  of  water  expended. 
Assume  the  theoretical  horse-power  as  1,  the  effective  power  will  be  as 
follows : 

Over-shot   wheels  =   .68  For  turbine  wheels,  .70 

Under-shot  wheels,      .35  For  hydraulic  rams  in  raising  water,  .80 

Breast  wheels,  .55  Water  pressure  engines,  .80 

Poncelet's  under-shot  .60  High  breast  wheels,  .60 

Let  P  =  pressure,  in  lbs.,  per  square  inch, 
p  =  Q,  4333  //  and  h  =  2.31  / 

P  =  .00128  Q  //  for  over-shot  wheels,  and  Q  =  777  P  divided  by  // 
P  =  .00113  Q  /*  for  high-breast  wheels,  and  Q  =  882  P  divided  by  // 
P  =  .00101  Q  /*  for  low-breast  wheels,  and  Q  =  962  P  divided  by  h 
V  =  .00060  Q  //  for  under-shot  wheels,  and  Q  =  1511  divided  by  // 
P  =  .00113  Q  h  for  Poncelet's  undershot  wheels,  and  Q  =  822  divided  by  h 

For  under-shot  wheels,  velocity  due  to  the  head  x  0.57  will  be  equal 
to  the  velocity  of  the  periphery,  and  for  Poncelet's,  0.57  will  be  the 
multiplier. 
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310j.  High-pressure  hirbitus  for  every  X^Jiorse  pcrwer. 

>i=30  40          50          60          70          80          90  100 

Q  =  4.2  3.1          2.5         2.1          1.8          1.6          1.4  1.25 

V  =    36  42          47           51           55           59          63  66 

We  have  seen,  S.-E.  of  Dedham,  in  Essex,  England,  a  small  stream 
collected  for  a  few  days,  in  a  reservoir,  thence  passed  on  an  over-shot 
wheel,  and  again  on  an  undershot  wheel.  If  possible,  let  the  reservoirs 
he  surrounded  by  shade  trees,  to  prevent  evaporation. 

310k.  Artesian  Wells  may  be  sunk  and  the  water  raised  into  tanks  to 
be  used  for  hqusehold  puqxjses,  irrigating  lands,  driving  small  machinery, 
and  extinguishing  fires. 

SIOl.  Reservoirs  are  collected  from  springs,  rivers,  wells,  and  rain-falls, 
impounded  on  the  highest  available  ground,  from  whence  it  may  be  forced 
to  a  higher  reservoir,  from  which,  by  gravitation,  to  supply  inhabitants 
with  water. 

310p.     Land  and  City  Drainage. 

In  draining  a  hilly  district. — ^A  main  drain,  not  less  than  5  ft.  deep, 
is  made  along  the  base  of  the  hill  to  receive  the  water  coming  from  it 
and  the  adjacent  land ;  >econdary  drains  are  made  to  enter  obliquely  into 
the  main,  these  ought  to  be  4  to  5  ft.  deep,  filled  with  broken  stones  to 
a  certain  height ;  tiles  and  soles,  or  pipes.  The  first  form  is  termed. 
French  draining;  the  last  two  mentioned  are  now  generally  used.  In 
1838  to  1842  we  have  seen,  near  Ipswich,  England,  drains  made  by  dig- 
ging 4  feet  deep,  the  bottom  scooped  2  to  3  inches  and  filled  with  straw 
made  in  a  rope  form,  over  this  was  laid  some  bru>hwood,  then  the  sod, 
and  then  carefully  filled. 

The  French  drains  were  sometimes  15  inches  deep,  5  inches  at  bottom 
and  8  inches  at  top,  all  filled  with  stone,  then  covered  with  straw  and 
filled  to  the  top  with  earth. 

In  tile  draining  the  sole  is  about  7  inches  wide,  always  }i  in.  on  each 
side  of  the  tile,  and  is  about  12  to  15  inches  long,  its  height  i*i  to  be 
one-fourth  its  diameter.  The  e^  shape  is  ])referable.  Never  omit  to 
use  the  tile,  let  the  ground  be  ever  so  hard. 

Pipe  Drains, — Pipes  of  the  egg  shape  are  the  best;  pipe>  2  to  4  in. 
diameter  have  a  4  in.  collar.  In  retentive  land  put  4  feet  tlcep  and  27 
feet  apart;  when  3>^  feet  deep,  put  33  feet  ai>art. 

From  the  best  English  sources  we  find  the  comparative  cost.  2I2'  ft. 
deep  cost  3^-^  pence,  add  1  %  pence  for  every  additional  6  inches  in  depth. 
Profit  by  thorough  drainaj^e  is  15  to  20  per  cent.  See  Parliamentary 
Report. 

310<J.  ///  draining  Cities  ami  Taions  our  first  care  is  to  find  an  out- 
let where  ihc  sewage  can  be  used  for  manure,  and  to  avoid  discharging 
it  into  slu,jgish  streams.  The  result  of  draining  into  the  river  Thames, 
and  the  Chicago  river  with  its  far-famed  Healy  slough  ought  to  be  suf- 
ficient warning  to  Engineers  to  beware  of  like  results.  (See  Sec.  3I0j.) 
Where  the  city  or  town  authorities  are  not  prei>aretl  to  use  the  sewage 
as  a  fertilizer,  and  that  there  is  a  river  near,  or  through  it,  let  there  be 
intercepting  sewers,  egg-shaped,  with  sufficient  fall  to  Insure  2%  feet  per 
second,  which  in  London  is  found  sufficient  to  prevent  deix)sit;  should 
not  exceed  4>^  feet  per  >econd.  When  these  main  sewers  get  to  a  con- 
siderable depth,  the  sewa  je  is  lifted  from  these  into  small,  covered  res- 
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€rvoirs,  thence  to  be  conveyed  to  another  deep  level,  and  so  on  until 
broui;ht  far  enough  to  be  discharged  into  the  river,  or  some  outlet  from 
which  it  cannot  return.  But  we  hope  it  will  not  be  wasted ;  the  supply 
of  Guano  will  fail  in  a  few  years,  then  the  people  will  have  to  depend 
on  the  home  supply. 

Sczoers  under  15  inches  diameter  are  made  of  earthenware  pipes,  with 
collars,  laid  in  cement ;  2  foot  diameter  are  4  inches,  or  half  a  brick, 
thick ;  3  to  5  feet,  8  inches  thick ;  6  to  8  feet,  12  inches  thick,  according 
to  the  nature  of  the  earth.  Where  the  soil  is  quick-sand,  the  bottom 
ought  to  be  sheeted,  to  prevent  the  sinking  of  the  sewer. 

As  the  sewers  are  made,  connecting  pipes  are  laid  for  house  drainage 
xit  about  every  20  feet,  and  man-holes  at  proper  intervals  to  allow  cleans- 
ing, flushing,  arid  repairing.  A  plat  is  on  record,  showing  the  location 
of  each  sewer,  with  its  connections,  man-holes,  and  grade  of  bottom,  to 
guide  house  and  yard  drains  or  pipes,  whose  fall  is  one-quarter  inch  per 
foot,  in  Chicago. 

310<j.     Irrigation  of  Land. 

In  icct  distrcts  the  land  is  cut  up  in  about  10-acre  tracts;  the  ditches 
deep ;  ponds  made  at  some  points  to  collect  some  of  the  water,  these 
pK>nds  to  be  surrounded  by  a  fence  and  shade  trees,  such  as  willow  and 
poplar,  a  place  on  the  North  side  of  it  may  be  sloped,  and  its  entrance 
well  guarded  with  rails,  so  that  cattle  may  drink  from,  but  not  wade  in, 
the  pond,  which  may  be  of  value  in  raising  fish. 
V  =  55  si  2  af  and  Q  —  z' «.  Here  z'  =  vel.  in  feet,  a  =  area,  and 
/—  fall  in  feet  per  mile. 

///  irrigcUing,  the  land  is  laid  off  and  levelled  so  that  the  water  may 
pass  from  one  field  to  another,  and  may  be  overflowed  from  sluices  in 
canals  fed  from  a  reservoir  or  river.  The  water  from  a  higher  level,  as 
reservoir,  may  be  brought  in  pipes  to  a  hydrant,  where  the  pressure  will 
be  great  enough  to  discharge,  through  a  hose  and  pipe,  the  required 
quantity  in  a  given  time.  Water  or  sewage  can  be  thus  applied  to  10 
acres  in  12  hours  by  one  man  and  two  boys. 

The  profit  by  irrigation  is  very  great, — witness  the  barren  lands  near 
Edinburgh,  in  Scotland,  and  elsewhere. 

In  England,  on  irrigated  land,  they  grow  50  to  70  tons  of  Italian  rye 
grass  per  acre.  Allowing  25  gallons  of  water  to  each  individual  will  not 
leave  the  sewage  too  much  diluted,  and  60  to  70  persons  will  be  sufficient 
for  one  acre^  applied  8  times  a  year.  At  the  meeting  of  the  Social  Science 
Association  in  England,  in  1870,  it  was  decided  that  the  sewage  must 
be  taken  from  the  fountain  head,  as  they  found  h  too  much  diluted,  and 
that  alum  and  lime  had  been  used  to  precipitate  the  fertilizing  matter, 
but  had  failed.  They  estimated  the  value  due  to  each  person  at  %y^ 
shillings,  but  in  practice  realized  but  4  to  5  shillings. 

Mr,  RawUnson  recommended  its  application  diluted;  others  advocated 
the  dry  earth  closet  system,  which  in  small  towns  is  very  applicable,  owing 
to  the  facility  of  getting  the  dry  earth  and  a  market  for  the  soil. 

3 1  Or.  The  supply  of  guano  will,  in  a  few  years,  be  exhausted,  then 
nece<5sity  will  oblige  nations  to  collect  the  valuable  matter  that  now  is 
wastc<l.     See  Sec.  310f. 
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310s.     On  tht  Steam  Engine, 

H  —  horse-power  capable  of  raising  33000  pounds  1  ft.  high  in  1  minute. 

P  s  pressure  in  pounds  per  square  inch. 

D  »  diameter  of  cylinder  piston  in  inches. 

A  B=  area  of  cylinder  or  its  piston. 

S  »  length  of  stroke,  and  2  S  =  total  length  travelled. 

R  «  number  of  revolutions  per  minute. 

V  =  mean  veL  of  piston  in  feet  per  minute. 

Q  =  total  gallons  (Imperial)  raised  in  24  hours. 

q  —  quantity  sused  by  each  stroke  of  the  piston. 

C  ==  pounds  of  coal  required  by  each  indicated  horse-power. 

2S  APR 

H  = ~  indicated  horse-power. 

33000 

H  — —  indicated  horse-power  for  high-pressure  engines. 

15.6 

15.6  H  3   _ 

D  = and  V  =  128  v"S 

D«  V'S" 
H  = for  condensing  engines,  from  which  we  have 


V47H  3_ 

D  = and  V  =  128  V  S 

vs 

D«  V 

Admiralty  RuU,      H  = =  nominal  horse-power. 

6000 

The  American  Engineers  add  one-third  for  friction  and  leakage. 

Example,  The  required  gallons  in  12  hours  =  3,000^000;  Stroke,  10 
feet ;  number  of  strokes  per  minute  =  12 ;  time  in  minutes  «=  1440.  From, 
the  above,  we  find  q^  173.6  Imperial  gallons;  </=22.6  inches — the 
diameter  of  the  pump,  as  taken  by  the  American  engineers ;  ^  —  22,  as 
taken  by  the  English. 

For  much  valuable  information  on  the  steam  engine,  see  Appleton's 
(Byrne's)  Dictionary  of  Mechanics,  and  Haswells'  tables. 

Average  duty  of  a  Cornish  engine  is  70  million  lbs.,  raised  one  foot 
high,  with  112  lbs.  of  bituminous  coaL 

Example,     From  Pole  on  the  Cornish  Engine,  as  quoted  by  Hann  oik' 
the  Steam  Engine. 

Cylinder,  70  inches  diameter ;  stroke,  10  feet ;  pressure  per  square  inch, 
45  lbs.  during  one-sixth  the  stroke,  and  during  the  remainder  the  steam 
is  allowed  to  expand. 

70  X  70  X  0.7854  =  area  of  piston  —  3858  square  inches. 

10 
3848  X  45  X  —  =  pounds  raised  one  foot  high  —  288,600. 

6 

This  is  the  work  performed  before  the  steam  is  cut  off. 

To  find  the  toork  done  by  expansion. — Find  from  a  table  of  Hyperbolic 
Ix>garithms  for  C  —  1.7916,  which,  multiplied  by  the  work  don;  before  the 
steam  is  cut  off,  will  give  the  work  required,  that  is,  1,7916  x  288600 
Work  done  after  the  steam  is  cut  off,  517102 
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SIOT.     Pressure  of  Fluids  and  Retaining  Walls. 
CDbf. — Retainins:  Wall  is  that  which  sustains  a  fluid,  or  that  which  is  liable  to  slide.) 

310.     The  Centre  of  Pressure  is  that  point  in  the  surface  pressed  by 

any  fiuid,  to  which,  if  the  whole  pressure  could  be  applied,  the  pressure 

would  be  the  same  as  if  difHised  over  the  whole  surface. 

If  to  this  centre  a  force  equal  to  the  whole  pressure  be  applied,  it  will 
keep  it  in  equilibrium. 

Against  a  rectangular  wall  the  centre* of  pressure  is  at  two-thirds  of  the 
height  from  the  top,  and  the 

h^ 
Pressure  P  =  —  .  /  w.     Here  w  =  specific  gravity  of  the  fluid,  and  /  the 

2 
length  pressed. 

In  a  cylindrical  vessel  or  reservoir  the  same  formula  will  hold  good,  by 
substituting  the  circumference  for  the  length,  /,  of  the  plane. 

Example, — For  a  lock-gate  10  ft.  long,  8  ft.  deep,  the  pressure 
64 
P  «=  —  X  10  X  62.5  =  20,000  pounds. 
2 

Example, — For  a  circular  reservoir,  diameter  20  ft.,  depth  10  ft.,  filled 
with  water,  we  have 

10  X  10  X  20  X  3.1416  x  62.5 

P  — '-  =  196,350  lbs.,  the  pressure  on  the 

2 
sides  of  the  reservoir. 

The  pressure  on  the  bottom  =  20  x  20  x  .7854  x  62.5  ^  19,635  lbs. 

Total  pressure,  215,985  lbs. 

Dams  are  built  at  right  angles  to  the  stream  entering  the  reservoir. 

All  places  of  a  porous  nature  are  made  impervious  to  water  by  clay  or 

masonry  laid  in  cement ;  /^>^  to  be  4  ft  above  the  water ;  widths  in  ordinary 

cases,  equal  to  one-third  the  height;  the  inner  slope,  next  the  water,  to 

be  3  to  1 ;  the  outer  slope  2  to  1.      In  low  DamSy  width  at  top  equal 

to  the  height. 

Dams^  in  Masonry^  by  the  French  Engineers,  Morin  and  Pondelet,  at 
bottom  0.7  A,  at  middle,  0.5  ^,  and  top,  0.3  h. 

310A     Thickness  of  rectangular  walls  i^  found  from 

/lOOO 

/  =  0.865  (H  -  i4) .    / Here  1000  =  weight  of  a  cubic  ft.  of  water. 

V     w 
w  =  weight  of  1  cubic  foot  of  masonry,  and  /  =  required  thickness, 

H  —  total  height,  and  h  —  height  from  top  of  dam  to  water. 

Poundations  of  Basins  and  Dams  are  to  rest  on  solid  clay,  sometime.s 
on  concrete,  laid  with  puddled  clay.  The  side  next  the  water  is  laid  with 
stones  12  inches  deep,  laid  edgewise;  sometimes  they  are  laid  with  brick 
in  cement,  the  outer  face  covered  with  sod.  A  puddled  wall  is  brought 
up  the  middle  whose  base  =  one-third  the  height,  and  top  ^  one-sixth 
the  height ;  the  top  is  made  to  curve,  to  carry  off  the  rain  water. 

Waste-weir  is  regulated  with  a  waste-gate,  and  made  so  as  to  carry  off 
the  surplus  water;  the  sluice  or  gate  may  be  made  self-acting.  Bywask 
receives  the  surface  water  from  the  waste-weir,  and  from  the  supply  streams 
when  not  required  to  enter  the  reservoir  in  times  of  heavy  rains  and  when 
the  water  becomes  muddy. 

310m.  Cascade.  J^tf—  fall  from  crest  of  weir,  ^,  as  usual,  the  height 
of  still  water  above  the  crest  of  the  weir,  z/  —  5.35  V  ^  ^"^  •*"  =  3  V  I'f 
=  distance  to  which  the  water  will  leap ;  this  distance  i.s  to  be  covered 
with  large  stones,  to  break  the  fall  of  the  water. 
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1^1  Ol     Keidinin^-  Ilj/Zs  are  sometimes  built  alon^  the  base  of  the  dam. 

S:.  Fend  Rfset-z-oir^  destined  to  feed  the  Lanj^idoc  Ganal,  in  France, 
contains  1541  million  gallons  of  water;  the  dam  at  its  highest  part  is 
106,2  feet. 

One  re.->c;\«>  r  in  Ancient  E^'pt  contains  35,200  million  cubic  feet  of 
water.  Sui.k-  .trc  in  Spain  holding  35  to  40  million  cubic  feet — similar 
<^nes  are  fo.-.u  1  in  France.  The  Chifwse  collect  water  into  large  reservoirs 
for  tile  supply  of  towns  and  cities,  and  the  irrigation  of  their  lands. 

The  Hin«loos  have  built  immense  reservoirs  to  meet  the  periodical 
>c.irci:y  of  rain,  which  happens  once  in  about  five  years.  One  of  their 
re»vrvoir>,  the  \'eranun),  ontains  an  area  of  35  square  miles,  made  by  a 
dam  12  mileM  Ion.;.  The  evaporation  in  India  for  8  months  is  yi  inch 
in  de'pth  Y^x  day.  One-fourth  of  an  inch  may  be  a  safe  calculation  in 
milvter  or  colder  climate^. 

/>:  Damr.  <y'  M.i^onry,  buttresses  are  made  at  every   IS   to  20  feet. 
Depth  —  the  thickness  of  the  wall,  and  length  —  double  the  thickness. 
Mahan  and   li.irlow,  in  their  Treatise  on  Engineering,  say,  "It  is  better 
to  rut  the  material  uniformly  into  the  wall." 

310U.      To  find  the  thickness  nf  a  rectangular  wall^  A  B,  to  resist  its  bein^ 

turned  tr.er  on  the  point  D.     (See  Fig.  70.)     Let  the  perpendicular,  E  F, 

pa^-  throuL;h  the  centre  of  the  rectangle;  by  Sec.  313  it  passes  through  the 

centre  of  :;ravi'y  (I,  makes  C  P  —  one-third  of  B  C.     We  have  the  vertical 

prc^^ure  —  wci^^ht  of  the  wall,  and  the  lateral  pressure  equal  to  that  of 

the  pres>>ing  fluid  ux  mass.      Let  iv  =  specific  gravity  of  the  water,  and 

\V  that  of  the  wall.     We  have  the  pressure  of  the  fluid  represented  by 

H  D  -=  C  P,  anil  that  of  the  wall  by  D  F,  and  T  D  H  is  a  bent  lever 

of  the  first  order. 

D  C     BC 


:^eeuoii  oi;*c,  i    :   » 
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3 
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3                     2 
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We  have  the  value  of  P  x  2  B  C  per  lineal  foot,  and  find  the  value 
of  3  W  for  height,  B  C,  and  one  foot  thick,  which,  divided  into  P  x  2  B  C, 
will  give  the  value  of  A  B  or  D  C  when  on  the  point  of  turning  over. 

Let  w  --  weight  of  material,  and  S  —  weight  of  water;  h  =  height  of 
wall  —  that  of  the  water,  and  b  —  breadth  of  wall  required,  then  we  have 

h  = 

V  —  —  .  G2U  lt)s.  =  pressure  of  water  against  the  wall,  and 
2 

8  b  X  h  b  w       3  b=  w 


V  - 


2h 

3  h'  w 


02  .  .'  — 
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« 
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62.6h*=3b«W 


62.5h«)K  /62.5 

=h/ 

3W     )  V    3W 


/3 


V    62.5 

Example.  — Height  of  dam  and  water  =  20  ft. ;  specific  gravity  of  wate 

==  62>i  lbs.,  and  that  of  the  masonry  120  lbs. — to  find  thickness  b. 

62.5  X  20  X  20 )  >^ 

\      =8.33  feet. 

3  X  120        ) 

As  this  formula  gives  but  the  thickness,  to  form  an  equilibrium,  add 
one  foot  to  the  thickness,  for  safety. 

Rondtht  recommends,  to  find  the  required  thickness  of  1,8  times  the 
calculated  pressure,  which  in  this  case  would  be  28800,  which  divided  by 
263,  gives  ^  79.33088,  whose  square  root  =  8.91  feet.  We  prefer  to  use 
Roundelet's  formula  for  safety. 

310U*.  REVETMENT   WALLS. 

In  retaining  walls  we  have  to  support  water,  but  in  revetment  walls  we 
have  to  support  moveable  matter,  such  as  sand,  earth,  etc.  (See  fig.  71) 
\jt\  C  =  tangent  squared  of  half  the  angle  of  repose,  which  may  be  taken 
at  22^  deg.,  which  angle  is  called  the  angle  of  rupture,  as  shown  by  Cou- 
lomb and  others.  The  angle  of  V  D  W  is  the  angle  of  repose,  and  the 
angle  W  D  S  being  half  the  angle,  w  d  s  is  the  angle  of  rupture,  and  the 
line  D  S  —  line  of  rupture.  Assume  the  angle  W  D  S  =  22^"  whose 
tangent  squared  equals  .41421  x  .41421  =  0.1715699,  nearly  0.1716,  which 
we  take  for  the  coefficient  of  r  in  the  following  formula:  b  —  width  at  top 

{    C7V  )  y^  (  3\V)  >^  /*  a  Wf 

^=^hxl [         And//  =  b^ .       AndP  =  — X 

(  3  W  )  (  ^  w  )  2        2 

0.17167^;  )}^  I      3  W      )  ^  0.1716>52zc/ 

b  =  h    I }         And//  =  b{ [     AndP= 

(      3W      )  (  0.1716c  )  2 

Here  7a  =  specific  gravity  of  the  material  to  be  sustained,  and  W  =  that 

of  the  wall  C  =  0.625  for  water.     0.410  for  fine  dry  sand.     0.350  earth 

in  its  natural  state;  and  for  earth  and  water  mixed,  0.40  to  0.65.     To  the 

value  of  b  thus  found  the  English  engineers  add  for  safety  about  one-sixth 

of  it. 

310»1.      ly/ien  the  wall  has  an  external  batter.     Let  t  equal  the  mean 
thickness;  then  we  have: 

I  W  I    7V 

t  =  ch  / =  ch  / for  a  vertical  wall. 

s  W  V    w 

f  7V  I     7V 

t  =       0.95  ch  / ==ch  / batter  1  in  16. 

V  W       V    w 

t=  0.90/ M      linl4. 

V  _W 

/      7U 

t=  0.86/ n      linl2. 

V  W 

Z16 
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t  = 


t  = 


t  = 


/ 

0.83/ 
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V 

w 

/■ 

0.80/- 

V 

w 
W 

0.76  ch  / . 

w 

V 

W 

M      1  in  10. 


II 


It 


1  in  8. 


1  in  6. 


From  the  mean  thickness  t,  take  half  the  total  batter,  and  it  will  gjive 
the  thickness  at  top;  and  to  t  add  the  half  batter  it  will  give  the  thickness 
at  the  base. 

310m2.  Where  there  is  a  surcharge  running  back  from  the  walls  at  a 
slope  of  \}i  to  1.  Column  A  for  hewn  stone  or  rubble  laid  in  mortar. 
B  for  well  scrabbled  ruble  in  mortar,  or  brick.  Col.  C,  well  scrabbled  dry 
rubble.  Col.  D  the  same  as  A.  Col.  £  the  same  as  B.  Columns  A,  B, 
and  C  are  from  the  English.  Cols.  D  and  E  are  from  PoficeUt.  H  =  total 
height  of  the  walls  and  surcharge.  A  —  that  of  a  rectangular  wall  above 
the  water.     Poncelet  has  the  surcharge : — 


When. 

A 

B 

C 

D 

E 

H  -  h 

0.35>i 

.40A 

.    .50 A 

.S5A 

.45A 

H  =  1.2h 

.46// 

.5U 

.6U 

.AAA 

.55^ 

H  =  1.4h 

.5U 

.56  A 

.66A 

.53^ 

.67>i 

H  =  1.6h 

.MA 

.59  A 

.69  A 

.62^ 

'   JSA 

H  =  1.8h 

.56  A 

.61A 

.71/i 

.61 A 

.S5A 

H  =  2.h 

.58  A 

.63/* 

.73A 

.lU 

.9U 

WALLS   OF   DAMS. 

310i^3.     Morin  in  his  Aide  Memoire^  gives  for  thickness  at  base 
t  =  0.865  (H-h).  /JOOO 


V     / 


Here  H  =  height  of  the  wall  and  A  —  height 


from  the  surface  of  the  water  to  the  top  of  the  wall.  1000  =  specific 
weight  of  one  kilogramme  of  water,  and  p  =  specific  weight  of  one  kilo- 
gramme of  the  masonry. 

Example  wall  four  metres  high.     ^  =  0.50  m.    /  =  2000, 
t  =  0.865.  X  (4.0  met  -  0.50).     /  1000  =  2,04  metres. 

V~200b 

310»4.     Dry  Walls  are  made  one-fourth  greater  than  those  laid  in 
mortar. 

310^5.     Litie  of  resistance  in  a  ivall  or  pier.     ( See  fig.  71.) 

Let  PQ  =  the  direction  of  the  pressure  P,  which  is  supported  by  the  wall. 

The  line  EF  passing  through  the  centre  of  gravity  meet  PQ  at  G.     Make 

GL  =  the  pressure  P,  and   GH  =  pressure  by  the  weight  of  the  wall 

ABCD.     Complete  the  parallelogram  GHKL.     Join  GK  and  produce  it 

to  meet  the  base  CD  at  M.     Then  M  is  a  point  in  the  line  of  resistance. 

310m6.      TAe  celebrated  Vaubam   in   his  walls  of  fortifications,  makes 
4 
MF  =  g"  of  CF.      F  being  where  the  line  through  the  vertical  of  the 

centre  of  gravity  of  the  wall  intersects  the  base. 

Let  w  =  weight  of  the  wall.     A  =  BD.     b  =  AB.     a  =  angle  PGE. 
d  ^^SE  and  x  =  MF. 

jg  _  p^     A  sin  a  -  dcosa    _ 
wbA  +  P  cos  a 


REVETMENT  WALLS.  72b115 

31O»60.  The  greatest  height  to  which  a  pier  can  be  b^ilt^  is  when  the  line 
of  resistance  intersects  the  base  at  C,  that  is,  when  H  is  a  maximum, 
X  =  ^b  MF  must  not  exceed  from  0.3  to  0.375  the  thickness  of  CD. 

Vcutbam  in  his  walls  of  fortifications  makes  the  base  O.Th.  At  the  mid- 
dle 0.5h,  and  at  the  top  0.3h. 

310u6^.  In  fig.  72.  Let  CE  =■  nat.  slope.  G  =  centre  of  gravity  of 
the  triangular  piece  to  be  supported.  Draw  FGR  parallel  to  C£,  then  the 
triangular  wall  6CR  will  be  a  viaximum  in  strength.  And  by  making 
BA  =  1,5  to  2  ft.  and  producing  EB  to  O,  making  AO  =  OR  and  de- 
scribing the  curve  AKR  the  figure  ABCRK  will  be  a  strong  and  graceful 
wall. 

310»7.  (See  fig.  72.)  RondeleVs  Rules, — Assume  the  nat.  sloj^e  to  be 
45  degrees.  In  the  parallelogram  BCDE  draw  the  diagonal  CE.  When 
the  wall  is  rectangular,  then  BA=CR  =  one-sixth  of  CE. 

When  the  wall  batters  2  inches  per  foot  AB  =  one-ninth  do. 
do        do        do        1  1-2  inches  per  foot  AB  =  one-eight  do. 

The  English  Engineers,  make  their  walls  less  than-  the  French.  They 
put  1-15  1-10  respectively  where  Rondelet  has  1-8  and  1-9.  Wheji  the 
batter  is  one  inch  per  foot,  the  English  make  AB  =  one-eleventh  of  CE. 

For  dry.  walls,  make  AB  =  2-3  of  CE,  never  less  than  one-half;  and  in 
order  to  insure  good  drainage,  ought  to  be  built  of  large  stones,  and  batter 
three  inches  per  foot. 

310m8.     Colonel  fVurmbs  in  his  Military  Architecture,  gives 

9,         I   w  nh 

T  =  0.845  h.tan.  V ,  and  /  =  T+    . 

2  W  10 

Here  T  =  thickness  of  a  rectangular  wall  and  t  =  that  of  a  sloping  one 

at  the  base,  n  —  ratio  of  batter  to  h  and      ^       =  half  the  complement 

2 
of  the  angle  of  repose  =  WDS.     (fig.  71.) 

310»9.  Safety  pressure  per  square  foot.  White  marble  83,000  lbs. ; 
variegated  do.  129,000  lbs.;  veined  white  do.  17,400  lbs.;  Portland  stone 
aO,000  lbs. ;  Bath  stone  17,000  lbs. 

Pressure  on — The  Key  of  the  Bridge  of  Neuilly,  Paris,  18,000  lbs. 
Pillars  of  the  dome  of  the  Invalides,  Paris,  39,000  lbs.  Piers  of  the  dome 
of  St.  Paul,  London,  39,000  lbs.  Do.  of  §t.  Peter's,  in  Rome,  33,000 
Ihs. ;  of  the  Pantheon,  in  Paris,  60, 000- lbs.    All  Saints,  Anglers,  80, (XX)  fts. 

Rankine  gives  on  firm  earth  25,000  to  35,000. 

do        on  rock  a  pressure  equal  to  one-eighth  of  the  weight  that  would 
crush  the  rock. 

Fox  on  the  Victoria  R.  R.,  London,  clay  under  the  Thames  11,200  lbs., 
and  for  cast  iron  cylinders  filled  with  concrete  and  brickwork  8,960  lbs. 

Brunlee  on  the  Leven  and  Kent  viaduct,  gravel  under  cast  iron  ll,2001bs. 

Blyth — On  Loch  Kent  viaduct,  gravel  under  the  lake  14,000  lbs, 

Harwkshanv. — Charing  Cross  R.  R.,  London,  clay  17,920  lbs. 

Built  on  cast  iron  cylinders  14  ft.  diameter  below  the  ground  and  10  ft. 
<lia.  above  it,  sunk  50  to  70  ft.  below  high  water  mark,  filled  with  Port- 
land cement,  concrete,  and  brickwork. 

General  Morin,  of  France,  recommends  for  Ashlar  one-twentieth  of  the 
crushing  weight,  for  a  permanent  safe  weight. 

Vieat  says  that  sometinus  we  may  load  a  column  equal  to  one-tenth  of 
the  crushing  weight,  but  it  is  safer  to  follow  Morin. 
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outlines  of  some  important  walls. 

310»11.  (Fig.  72  a.)  Wall  built  at  the  India  Docks,  London.  Ra- 
dius 72  ft.  =  DB  =  D£.  Wall  is  6  ft.  uniform  thickness.  Counterforts 
S'xy,  18  ft.  apart     AE  =  h  =  29  ft. 

The  wall  at  East  India  Dock,  built  by  Walker,  is  22  ft.  high,  7  1-2  ft. 
thick  at  base  and  3  1-2  ft.  at  top.  Radius  28  ft.  Counterforts  2X  ft. 
wide,  7  1-2  ft.  at  bottom  and  1  1-2  at  top.  Lines  of  the  two  walls  are  on 
the  same  line  with  the  top.     Their  backs  vertical 

Fig.  73.  LrvtrpoolSea  Wall^  built  in  1806,  base  15',  top  7  1-2.  Front 
slope  1  in  12.  Counterforts  15  wide  and  36'  from  centre  to  centre. 
Height  30  ft. 

Fig.  73  a.  Dam  at  Poona^  near  Bombay,  in  the  East  Indies.  Top  of 
dam  is  3  ft.  above  water.  60  1-2  ft.  thick  at  base  and  13  1-2  at  top.  100 
ft  high. 

(Fig.  74.)  TTu  Toolsee  Dam^  near  Bombay,  is  built  of  Basalt,  ruble 
masonry.  Mortar  of  lime  and  Roman  cement.  Height  80  ft,  thickness. 
at  base  50  ft.,  at  top  19  ft 

(Fig.  75.)  Dublin  Quay  Wall,  30  ft.  high.  Counterforts  7  ft.  long 
and  4  1-2  ft  deep,  and  17  1-2  ft.  from  side  to  side.  A  puddle  wall  at  the 
back,  built  on  piles.     Sheeted  on  top  to  receive  the  masonry. 

(Fig.  76.)     Wall  of  Sunderland  Docks,  England. 

(Fig.  77.)    Bristol  Docks. 

(Fig.  78.)  Revetment  wall  on  the  Dublin  and  Kingston  R.  R.  This 
is  in  face  of  a  cut  and  is  surcharged. 

(Fig.  79. )    Chicago  street  revetment  walls. 

Bltu  Island  Avenue  viaduct  in  Chicago. 

Steepest  grade  on  the  streets  crossing  is  1  in  30,  rather  too  steep  for 
traffic.     On  the  avenue  it  is  but  1  in  40. 

310i^I2.  Blue  Island  dam  on  the  Calumet  feeder  taken  away  in  1874. 
Timber  of  Oak  and  Elm.  Built  in  compartments,  well  connected  and  the 
spaces  filled  with  stones.  It  was  down  27  years  and  did  not  show  the 
slightest  decay  in  the  timber  used. 

ybnes*  Falls  dam,  on  the  Rideau  canal,  is  61  feet  high,  built  of  sand 
stone,  with  puddle  embankments  behind  it.  Several  other  dams  made 
similar  to  that  at  Blue  Island,  are  between  Kingston  and  Ottawa  (formerly 
By  town),  in  Canada. 

PILE-DRIVING,  COFFER-DAMS,  AND   FOUNDATIONS. 

Pile  driving  machines  are  of  various  powers  and  forms.  A  simple  porta- 
ble machine  may  be  12  to  16  feet  high,  hammer  350  to  400  pounds  weight, 
without  nippers  or  claws,  and  worked  by  about  10  men. 

A  Crab  may  be  placed  and  worked,  but  where  a  small  engine  can  be 
placed  it  is  preferable.  The  locality  and  ground  will  control  which  to  use. 
The  site  is  bored  to  find  the  under  lining  stratas,  both  sides  of  the  banks,, 
(if  for  a  bridge, )  to  be  brought  to  the  same  level. 

It  is  an  old  rule  that  a  pile  that  will  not  yield  to  an  impact  of  a  ton,  will 
bear  a  constant  pressure  of  IJ  tons. 

The  power  of  a,  pile  driver  may  be  determined  from  the  following  for» 
mulas : 

310vl.  Screiu  Piles  6  1-2  ft  in  dia.  have  been  driven  in  India  and  else* 
where.     4  levers  are  attached  to  a  capstan,  each  lever  moved  by  oxen, 

Hollow  Cast  Iron  Piles. — When  these  are  driven,  a  wooden  punch  is  put 
on  top  to  receive  the  blows  and  protect  the  piles  from  breaking. 
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m  =  velocity  in  feet  acquired  at  the  time  of  impact. 

A  =  height  fallen  through  in  time  x,  in  seconds. 

J  =  time  of  descent  in  seconds,  w  =  weight  of  hammer. 

^       16.083  V    101  o«    Y    >« 

m  =  2w  V     16.083  A        Let  /i  =  10  feet,  w  =  2  tons; 

Then  m  =  4V    160.83      =  30.4  tons. 

V  =  25.2  feet. 

Othtrwise    We  determine  the  safe  load  to  be  borne  by  each  pile,  and  in 

driving  find  the  depth  driven  by  the  last  blow  =  d.     W  =  weight  of  the 

hammer  in  cwts.,  H  •=■  heigth  fallen,  and  L  =  safe  load  in  cwts.  of  112  lbs. 

W  H  W  H 

L  =    and  D  ==    

8D  8L 

Example.— Yi^mm&[  2000  lbs. ,  fall  35  feet.     Safe  load  L  =  44,000  lbs. , 
2000  X  35 
then  D  *=  8  X  40  000  =0.22  inches,  nearly  the  length  to  be  driven  by 

the  last  blow. 

Let  w  =  safe  weight  that  a  pile  will  bear  where  there  is  no  scouring  or 
vibration  caused  by  rolling  pressure  on  the  superstructure. 

R  s=  weight  of  ram  in  pounds,  f  =  fall  in  feet  and  d  equal  depth  driven 
by  the  last  blow. 

Rh 

w  =       g  .     this  is  the  same  as  Major  Sanders,  U.S.  Engineers. 

fiO  — — 

W  =     .rr.,  (R  +  0.228  V  h  — 1)     The  same  as  Mr.  Mc Alpine's  formula 
A 

assuming  w  =  one- third  of  the  extreme  weight  supported. 

w  =  1,500  lbs.  xby  the  number  of  square  inches  in  the  head  of  the 
pile.  This  agrees  with  the  late  Mahan  and  Rankine's  formulas  for  piles 
driven  to  the  firm  ground. 

w  =  460  lbs.  (mean  safe  working  load)  per  inch,  by  Rondclet. 

\v  =  990  lbs.  per  square  inch  for  piles  12  in.  dia.,  by  Perronet. 

w  =  880  lbs.       do.         do.         do.         9        do.  do. 

w  =  0.45  tons  in  firm  ground.     According  to  English  Engineers. 

w  =  0.09  tons  in  soft  ground.  do.  do.  do. 

Piles  near,  or  in,  salt  water  deteriorate  rapidly  and  must  be  filled  with 
masonry  or  concrete. 

Lime  stone  exposed  to  sea  air  also  suffers,  and  ought  not  to  be  used,  as 
granite  laid  in  cement  can  alone  remain  permanent. 

PUes  are  driven,  according  to  the  French  standard,  until  120,000  lbs. 
pressure  equal  to  800  lbs.  falling  5  ft.  30  times  will  penetrate  but  one- fifth 
of  an  inch.     The  most  useful  fall  is  30  feet — should  not  exceed  40  ft. 

Where  there  is  no  vibration  of  the  pile  the  friction  of  the  sand  and  clay 
in  contact  with  it  increases  its  strength,  and  is  greater  under  water  where 
there  is  no  scouring,  than  in  dry  land.         * 

The  Nasmith  Steam  Hammer  strikes  in  rapid  succession,  so  as  to  pre- 
vent the  material  being  displaced  at  each  blow  to  settle  about  the  pile. 
The  blows  are  given  about  every  second. 

When  men  are  used  as  a  force,  there  is  one  man  to  every  60  lbs.  of  the 
weight.  Piles  driven  in  hard  material  are  shod  with  iron  and  an  iron 
hoop  put  on  top,  to  prevent  splitting. 

For  much  valuable  information,  see  a  paper  by  Mr.  McAlpine,  in  the 
Franklin  Journal^  vol.  55,  pp.  98  and  170. 
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It  sometimes  happens  that  below  a  hard  strata  there  is  one  in  which  the 
pile  could  be  driven  easier,  therefore  boring  must  be  first  used  to  find  the 
stratas,  and  observations  made  on  the  last  three  or  four  blows. 

ZlOtf.  Mr.  McAlpine's  formula,  from  observations  made  at  the  Brook> 
lyn  Navy  Yard,  gives  as  follows: 

j:  —  W  +  .  0228  V  ^^ — !•  Here  x  «  supporting  weight  of  the  pile. 
W  —  weight  of  the  ram  in  tons.     F  ~  fall  in  feet. 

He  says  that  only  1-3  of  the  value  of  x  should  be  used  for  safety 
weights. 

These  piles  were  driven  until  a  ram  2,200  lbs.  falling  30  ft.  would  not 
drive  the  piles  but  1-2  an  inch.  They  were  made  to  bear  100  tons  per 
square  foot. 

Piles  in  firm  ground  will  bear  0.45  tons  per  square  inch,  and  in  wet 
ground  0.09  tons.  The  greatest  load  ranges  from  .9  to  1.35,  tons  per 
square  inch. 

SlOz'l.  Cast  iron  cylinders  were  first  used  in  building  the  railway  bridge 
across  the  Shannon,  in  Athlone,  Ireland;  next  at  Thels,  in  Austria,  and 
now  generally  used.  Those  used  in  the  bridge  of  Omaha,  United  States, 
are  in  cylinders  10  ft.  long,  8'  inner  diameter;  thickness  \%  inches. 
Flanges  on  the  inside  2".  These  when  down  are  filled  with  concrete. 
The  lower  ends  of  those  sunk  in  Athlone  were  bevelled,  and  sunk  by  Potts' 
method  of  using  atmospheric  pressure — that  is,  by  exhausting  the  air  in 
the  cylinder,  which  caused  the  semifluid  to  rise  and  pass  off.  The  pipe  of 
the  air  pump  was  attached  to  the  cap  of  the  cylinder. 

310^^.  Foundations  of  Timber. — Where  timber  can  be  always  in  water^ 
several  layers  of  oak  or  elm  planks  are  pined  together.  We  have  seen 
the  Calumet  dam,  on  the  Illinbis  and  Michigan  Canal,  removed,  in 
1874,  after  being  built  27  years,  The  foundation  was  of  oak  logs,  pined 
together,  and  in  compartments  filled  with  stones.  The  lumber  did  not 
show  the  least  sign  of  decay. 

Timbers  10  to  12  in.  square  are  laid  2)  to  3  feet  apart,  and  another 
layer  is  laid  across  these,  and  the  spaces  between  them  filled  with  con- 
crete, the  whole  floored  with  3-inch  plank. 

Pile  Foundations. — Piles  ought  to  have  a  diameter  of  not  less  than 
one-twentieth  of  their  length,  to  be  2}  to  3  feet  apart,  and  the  load  for 
them  to  bear,  in  soft  ground,  200  lbs.  and  in  hard,  firm  ground,  1000  lbs. 
per  square  inch  of  area  of  head.  Piles  ought  to  be  driven  as  they  grew 
— ^with  butt  end  downwards — all  deprived  of  their  bark ;  a  ring  is  some- 
times put  on  top,  to  prevent  their  splitting  and  riving. 

File-Driving  Engine. —  When  worked  by  men,  there  is  one  man  to 
every  40.1b5.  weight  of  the  ram  or  hammer  used.  A  pile  is  generally  said 
to  be  deep  enough  when  120,000  foot  lbs.  will  not  drive  it  more  than 
one-fifth  of  an  inch.  120,000  foot  lbs.  pressure  is  a  hammer  of  1000  lbs. 
weight  falling  6  feet  20  times. 

Let  W  =  weight  of  ram,  h  =  height  of  fall,  x  —  depth  driven  by  the 

last  blow,  P  =  greatest  load  to  be  supported,  S  =  sectional  area  of  the 

pile,  /  =  its  length,  E  =  its  modulus  of  elasticity. 

(4ES/«/        4E2S2;ir«)        2  E  S  jr 

P  =  V      + ^ 

(    4ES/  /2  )  d 

By  this  formula  P  is  to  be  2000  to  3000  lbs.  per  square  inch  of  S, 

and  the  working  load  is  taken  at  200  to  1000  lbs. 
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COFFER-DAMS.    • 

dlCH'S.  In  building  tlie  Victoria  bridge,  in  Montreal,  the  coffer-dam 
was  188  ft.  long,  width  90,  pointed  against  the  stream,  and  flat  at  the  other 
end.  Doable  sides  made  to  be  removable.  Depth  of  rapid  water  5  to 
15  ft.  On  the  outside  at  intervals  of  20  ft.,  strong  piles  were  driven,  in 
'wrhich  steel  pointed  bars,  2  in.  dia.  were  made  to  drill  to  a  depth  of  two 
feet  in  the  rock,  to  keep  the  dam  in  position.  When  the  pier  was  built 
these  bars,  etc.,  were  removed  as  required.  In  floating  it  to  its  required 
place  the  dam  drew  18"  of  water. 

For  building  cofferdams  in  deep  water,  see  Mr.  Chanute's  treatise  on 
the  Kansas  City  bridge,  on  the  Missouri. 

Cofferdam  of  earthy  where  it  is  feasible,  is  the  cheapest.  It  has  to  be 
built  slowly.  There  are  two  rows  of  piles  driven,  then  braced  and  sheet- 
ed, and  filled  with  clay  of  a  superior  quality. 

Th^  Thames  embankment  reclaimed  a  strip  of  land  110  to  270' ft.  wide. 
Depthof  water  in  front  2  ft.  Rise  of  tide  18^'.  Strata,  gravel  and 
sand  resting  on  London  clay  at  a  depth  of  21  to  27  ft.  Depth  of  wall  14 
ft.  below  low  water  mark.  Dams  were  11^  ft.  long  and  25  broad  in- 
side, made  of  two  rows  of  piles  40  to  48  ft.  long,  13  in.  square,  shod  with 
cast  iron  shoes  70  lbs.  each,  and  driven  6  ft.  apart.  The  sheeting  driven 
6  ft.  in  the  clay.  At  intervals  of  20  ft.,  other  piles  were  driven  as  but- 
tresses and  supported  by  walling  at  every  6|^  ft.  horizontally,  and  con- 
nected with  two  other  piles  bolted  with  iron  bolts  2^  in.  dia.,  with 
washers  9"  dia.  and  2^"  thick.  An  iron  cylinder  8  ft.  dia.  sunk  in  each 
dam  as  pump  wells. 

WOOD    PRF^ERVING. 

310z4.  Trees  ought  to  be  cut  down  when  they  arrive  at  maturity,  which, 
for  oak,  is  about  100  years,  fir,  80  to  90,  elm,  ash,  and  larch,  75.  Should 
be  cut  when  the  sap  is  not  circulating,  which,  in  temperate  climates,  is 
in  winter,  and  in  tropical  climates  in  the  dry  season — the  bark  taken  off 
the  previous  spring.  When  cut,  make  into  square  timber,  which,  if  too 
large,  ought  to  be  sawed  into  smaller  timbers. 

Z\(kf4a.  Natural  Seasoning. — By  having  it  in  a  dry  place,  sheltered  from 
the  sun,  rain,  and  high  winds,  supported  on  cast-iron  bearers,  in  a  yard 
thoroughly  drained  and  paved,  this  requires  two  years  to  fit  it  for  the 
carpenter's  shop,  and  for  joiners,  four  years.  Timber  steeped  in  water 
about  two  weeks  after  felling,  takes  part  of  the  sap  away.  Thus,  the 
American  timber,  rafted  down  stream  to  the  sea-board,  affords  a  good 
opportunity  for  this  natural  process. 

310z4^.  Artificial  Seasoning,  is  exposing  it  to  a  current  of  hot  air,  pro- 
duced by  a  fan  blowing  100  feet  per  second.  The  fan  air-passages  and 
chambers  are  so  arranged  that  one-third  the  air  in  the  chamber  is  expelled 
per  minute.  •  The  best  temperature  is,  for  oak,  105"  Fahr.,  pine  in  thick 
pieces,  120%  pine  in  boards,  180"  to  200%  bay  mahogany,  280"  to  300"- 

Thickness  in  inches,         12      3      4      6        8 
Time  required  in  days,  1       2      3      4      7       10 

each  day,  only  twelve  hours  at  a  time. 

310r4r.  Robert  Napier's  Process  is  by  a  current  of  hot  air  through  the 
chamber,  and  thence  into  a  chimney,  is  found  very  successful.  The  air 
admitted  at  240",  requires  1  lb.  of  coke  to  every  3  lbs.  moisture  evaporated. 

The  short  duration  of  wooden  bridges,  ties,  etc.,  calls  for  a  method  for 
preventing  the  dry  rot  in  timber.  The  following  brief  account  will  be  suf- 
ficient to  inform  our  readers  of  the  means  used  to  this  time : 


• 
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Tanks  are  made  to  hold  the  required  cubic  feet,  and  sunk  in  the  ground 
level  with  the  surface. — Kyan's  Process^  patented  March,  1832. 

On  the  Great  Western  Railway,. England,  the  tank  was  84  feet  long, 
19  feet  wide  at  top,  60  feet  long  and  12  feet  8  in.  wide  at  bottom,  and 
9  feet  deep. 

Corrosive  sublimate  (bichlorate  of  mercury)  was  used  at  the  rate  of  1 
lb.  to  5  gallons  of  water.  Cost  per  load  of  50  cubic  feet,  20  shillings, 
sterling ;  of  this  sum,  one-fourth  was  for  the  mercury,  one- fourth  for  labor, 
and  one-half  for  license,  risk,  and  profit.  The  solution  is  generally  made 
of  1  lb.  of  the  mercury  to  9  to  15  lbs.  of  water.  Time  of  immersion, 
eight  days ;  timber  to  be  stacked  three  weeks  before  using.  Experiments 
are  reported  against  Kyan's  method. 

Sir  William  Burnet's  J/<rM^— Patented  in  England,  March,  1840.  He 
uses  chloride  of  zinc  (muriate  of  zinc).  Timber  prepared  with  this  was 
kept  in  the  fungus-pit  at  Woolwich  dock-yard  for  five  years,  and  was 
found  perfectly  sound.  The  specimens  experimented  on  were  English 
oak,  English  elm,  and  Dantzic  fir.  Cost — one  pound  at  one  shilling  is 
sufficient  for  ten  gallons  of  water,  a  load  of  50  cubic  feet  thus  prepared 
in  tanks  costs,  for  landing,  2  shillings,  preparation,  labor,  etc.,  14  shillings, 
total,  16  shillings. 

BetheWs  Method. — Close  iron  tanks  are  provided,  into  which  the  wood 
is  put,  also  coal-tar,  free  from  ammonia  and  other  bituminous  substances. 
The  air  is  exhausted  by  air-pumps  under  a  maximum  pressure  of  200  Vb&, 
per  square  inch  during  6  or  7  hours,  during  which  time  the  wood  becomes 
thoroughly  impregnated  with  the  tar  oil,  and  will  be  found  to  weigh  from 
8  to  12  lbs.  per  cubic  foot  heavier  than  before.  The  ammonia  must  be 
taken  away  from  the  tar  oil  by  distillation. 

Payne^s  Method — Patented  1841. — The  timber  is  enclosed  in  an  iron 
tank,  in  which  a  vacuum  is  formed  by  the  condensation  of  steam,  and 
air-pumps.  A  solution  of  sulphate  of  iron  is  then  let  into  the  tank,  which 
immediately  impregnates  all  the  pores  of  the  wood.  The  iron  solution 
is  now  withdrawn,  and  replaced  with  a  solution  of  chloride  of  lime,  which 
enters  the  wood.  There  are  then  two  ingredients  in  the  wood — sulphate 
of  iron  and  muriate  (chloride)  of  lime.  The  timber  thus  prepared  has 
the  additional  quality  of  being  incombustible. 

BoucherVs  Method. — Use  a  solution  of  1  lb.  of  sulphate  of  copper  to 
12i  gallons  of  water.  Into  this  solution  the  timber  is  put  endwise,  and 
a  pressure  of  15  lbs.  per  square  inch  applied. 

W,  H.  Hyett,  in  Scotland,  imi)regnated  timber  standing, —  found  the 
month  of  May  to  be  the  best  season.  From  his  experiments  on  beech, 
larch,  elm,  and  lime,  we  find  that  prussiate  of  potash  is  the  best  for  beech 
— \  lb.  per  gallon — chloride  of  calcium  the  best  for  larch.  Time  applied, 
17  to  19  days.     For  further  information,  see  Parnell's  Applied  Chemistry. 

A.  Lege  and  Fleury  Peronnet,  in  France,  in  1859,  used  sulphate  of 
copper,  which  they  found  to  be  better  and  cheaper  than  Boucherie's 
method. 

310v5.  By  exhausted  steam. — In  Chicago,  at  Harvey's  extensive  lumber 
yard  and  planing  mill,  the  following  process  is  found  very  cheap  and 
effective : — 

The  machinery  is  driven  by  a  100-horse  power  engine,  the  fiiel  used 
is  exclusively  shavings ;  the  exhausted  steam  is  conducted  from  the  engine 
house  to  the  kiln,  where  it  is  conveyed  along  its  east  side  in  a  live  steam 
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coil  of  20  pipes,  2  inches  in  diameter.  The  heat  thereof  passes  up  and 
through  the  timber,  separated  by  inch  strips  and  loaded  on  cars.  The 
heat  passes  to  the  west  through  the  lumber  cars,  and  thence  to  the  north- 
west corner  of  the  kiln,  where  it  escapes.  Connected  with  the  last  main 
pipe  (8  inches  in  diameter,)  are  condensing  pipes,  2  inches  in  diameter, 
laid  within  4  inches  of  one  another,  and  connected  with  a  main  exhaust 
pipe  4  inches  into  a  chimney — one  of  which  is  over  each  car. 

There  are  five  tracks,  or  places  for  ten  cars  in  each,  about  80  by  60 
feet ;  each  car  is  16  feet  long,  6  feet  wide,  and  7  feet  high,  and  is  moved 
in  and  out  on  a  railway;  the  whole,  when  filled,  contains  200,000  feet 
of  lumber.  The  temperature  is  kept,  day  and  night,  at  160*  Fahr.,  and 
the  whole  dried  in  7  days,  losing  about  half  its  weight,  and  selling  at 
about  one  dollar  more  per  thousand.  This  makes  a  great  saving  in  the 
transportation  of  lumber  from  the  yard  to  various  places  in  the  west,  as 
the  freight  is  charged  per  ton. 

MORTAR,  CONCRETE,  AND  CEMENT. 

From  experiments  made  by  the  Royal  Engineers,  they  find  that  1120 
bu.  gravel,  160  bu.  lime,  and  9  of  coals,  made  1440  cubic  feet  in  foun- 
dation ;  4522  bu.  gravel,  296  lime,  and  30^  coal,  made  2325  feet  in  abut- 
ments ;  3591  bu.  gravel,  354  lime,  and  30  bu.  coal,  made  2180  cubic  feet 
in  arches.  Cost  per  cubic  foot — in  foundations,  3id,  abutments,  4id, 
arches,  5Xd;  specific  gravity,  2,2035;  16  cubic  feet  =  1  ton  =  2240  lbs. 
Breaking  weight  of  concrete  to  that  of  brick-work,  as  1  to  13. 

At  Woolwich  that  concrete  in  foundations  cost  one-third,  and  in  arches 
one-half  that  of  brickwork. 

Stoney,  in  his  Theory  of  Strains,  p.  234,  edition  of  1873,  says  Rondelet 
states  that  plaster  of  Paris  adheres  to  brick  or  stone  about  two-thirds 
of  its  tensile  strength ;  is  greater  for  mill-stones  and  brick  than  for  lime- 
stone, and  diminishes  with  age;  lime  mortar,  its  adhesion  to  stone  or 
brick  exceeds  its  tensile  strength,  and  increases  with  time. 

On  t/te  Croton  Water  Works.  Stone  backing.  1  cement  to  3  of  sand. 
Brick  work,  inside  lining  1  c  to  2  s. 

At  Fort  Warren,  Boston  Harbor,  the  proportions  for  the  stone  masonry 
were  stiff  lime  paste  1  part,  hydraulic  cement  0.9,  loose  damp  sand  4.8. 

At  Fort  Richmond,  hyd.  cement  1.00,  loose  damp  sand  3.2. 

Vicat,  a  well-known  French  Engineer,  recommends  pure  limepaste  1, 
sand  2.4,  and  hyd.  lime  paste  1,  sand  1.8. 

Cement  /or  7vater  7Uork.  Friessart  recommends  hyd.  lime  30  parts, 
Terras  of  Andrenach  30  parts,  sand  20,  and  broken  stones  40. 

Grouting.  Smeaton,  who  built  the  Eddystone  light  house,  recommends 
4  parts  of  sand,  one  of  lime  made  liquid.  For  Terras  mortar  he  substi- 
tutes iron  scales  2  parts,  lime  2  and  sand  1  part.  This  makes  a  good 
cement. 

Iron  cement.  Gravel  17  parts  by  weight,  iron  filings  or  turnings  1  part, 
spread  in  alternate  layers.  Used  in  sea  work,  fcyms  a  hard  cement  in  two 
months. 

310z<>.  Stoney  at  Sec.  304,  edit.  1873,  gives  the  crushing  weight  per 
square  inch  at  3,  6,  and  9  months,  as  follows: 

Specimens  acted  on  were  made  into  bricks  9  x  4^  x  2|^  inches. 
They  began  to  fail  at  five-eights  of  the  ultimate  load. 

At  Sec.  688  of  Stoney  on  strains,  the  working  load  is  taken  at  one-sixth 
of  the  crushing  weight. 
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Vicat  gives  tenacity  (one  year  after  mixture)  of  hydraulic  cemeat  190 
lbs.  to  160,  and  common  mortar  50  to  20. 

dement  for  moist  climates.  Lime  one  bushel,  yi  bu.  fine  gravel  sand, 
1%  lbs,  copperas,  15  gallohs  of  hot  water.  Kept  stirred  while  incor- 
porating. ' 

concrete. 

310z'7.  In  London,  architects  use  one  part  of  ground  lime  and  6  parts 
of  good  gravel  and  sand  together.  Broken  bricks  or  stones  are  often 
added.  Strong  hydraulic  concrete,  is  made  of  2  parts  of  stone  and  1  of 
cement. 

In  the  United  States,  1  of  cement  to  3  of  broken  stone  and  sand  is 
frequently  the  proportions. 

The  stones  and  sand  are  spread  in  a  box  to  a  depth  of  8  inches,  the 
proportion  of  cement  is  then  spread  on  the  whole  and  sufficiently  wetted. 
Four  men  with  shovels  and  hoes  mix  up  the  ingredients  from  the  sides  to 
the  centre,  .and  mix  one  time  in  one  direction  and  again  in  the  opposite 
one.  It  is  then  taken  on  wheel- barrows  and  thrown  from  a  height  where 
it  is  spread  and  well  rammed.  One  part  of  the  materials  before  made 
makes  yi  in  foundation.     Lime  must  not  be  mixed  when  used  in  sea-walls. 

Concrete  is  made  into  domes  and  arches. 

The  central  arch  of  Ponte  d'Alma,  161  ft.  span  and  28  ft.  rise  is  made 
of  concrete.     Also  the  dome  of  the  Pantheon  at  Rome,  142  ft.  diameter. 

Beton  is  concrete  where  cement  takes  the  place  of  lime.  In  building- 
the  harbor  at  Cherbourg,  in  France,  Beton  blocks  52  tons  weight,  dimen- 
sions 12  X  9  X  6  l-2ft.,  712  cubic  feet,  built  of  stone  and  cement,  mortar 
made  of  sand  3  and  cement  %.  These  blocks  at  nine  months  old  bore  a 
compressive  strength  of  113  tons,  nearly  equal  to  that  of  Portland  stone. 

The  Mole,  at  Algiers,  Africa,  built  by  French  Engineers,  is  made  of 
blocks  of  Beton,  not  less  than  353  cubic  feet  each.  All  the  blocks  are  of 
the  same  form,  IT  long,  6^  ft.  wide  and  4  ft.  11"  high.  Composition  oj 
Beton  Mortar  is  made  of  lime  1,  Pozzuolana  2,  makes  two  parts  of  mor- 
tar. Beton  is  composed  of  mortar  1,  stone  2.  The  stones  are  broken  into 
pieces  of  about  \%  cubic  ft  each.  Weight  per  cubic  foot  of  this  Beton 
=  137  lbs. 

An  adjustable  frame  is  made  so  as  to  be  removable  when  the  block  is 
dry,  the  bottom  is  covered  with  two  inches  of  sand  and  the  sides  of  the 
frame  lined  with  canvass  to  prevent  their  being  washed.  They  are  cast  in 
making  a  slope  on  the  outside  1  to  1,  and  on  the  land  side  %  to  1.  The 
blocks  are  put  on  small  wheeled  trucks  and  moved  on  a  tramway  to  an 
inclined  float,  where  it  is  lowered  to  a  depth  in  water  of  3  fl.  3  inches,  and 
placed  by  chains  between  two  pontoons  and  floated  to  the  required  place 
in  the  Mole. 

preservation  of  iron. 

310z/8.  The  iron  is  heated  to  the  temperature  of  melting  lead  (630* 
Fahr.),  then  boiled  in  coal  tar. 

Where  the  iron  is  to  be  painted  with  other  parts  of  the  structure,  the 
iron  is  heated  as  above,  and  brushed  over  with  linseed  oil — this  forms 
a  good  priming  coat  for  future  coats  of  paint.  Galvanizing  with  zinc 
is  not  successful,  bemg  acted  on  by  the  acid  impurities  found  in  cities, 
towns,  and  places  exposed  to  the  sea,  or  sea  air. 

Steel  hardened  in  oil  is  increased  in  strength. — Kirkaldy. 
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VICTORIA  ARTIFICIAL  STONE, 

310^9.  Rev.  H.  Heighton,  England,  uses  at  his  works,  Mount  Sorrel 
and  Guernsey  granite,  refuse  of  quarries,  broken  into  small  fragments  and 
mixed  with  one- fourth  its  bulk  of  granite  and  water,  to  make  the  whole 
into  a  thick  paste,  which  is  put  into  well-oiled  moulds,  where  it  is  allowed 
tck  stand  for  four  or  five  days,  or  until  the  mass  is  solidified.  After  this, 
it  is  plated  in  a  solution  of  silicate  of  soda  for  two  days,  after  which  it 
is  ready  for  use.  He  keeps  the  silicate  of  soda  in  tanks  which  are  to 
receive  the  concrete  materials,  the  silica  is  ground  up  and  mixed  with 
the  «bath.  The  lime  removes  the  silica,  forming  silicate  of  lime.  The 
caustic  soda  is  set  free,  which  again  dissolves  fresh  silica  from  the  materials 
containing  it.  This,  in  flags  of  2  inches  thick,  serves  for  flagging.  It 
is  hiade  into  blocks  for  paving,  is  impervious  to  rain  and  frost.  Mr. 
Kirkaldy  has  found  the  crushing  weight  to  be  6441  lbs.  per  square  inch 
— Aberdeen  granite  being  7770,  Bath  stone,  1244,  Portland  stone,  2426. 

SlOz'lO.  Ransom^ s  Method  to  prevent  the  decay  of  stone,  and  when  dried 
then  apply  a  solution  of  phosphate  of  lime,  then  a  solution  of  baryta,  and 
lastly,  a  solution  of  silicate  of  potash,  rendered  lieutral  by  Graham's  sys* 
tem  of  dialysis — this  is  Frederick  Ransom's  process.  With  Mr.  Ransom, 
of  Ipswich,  England,  in  1840  and  1841,  we  have  spent  many  happy  hours 
in  constructing  equations,  etc.  The  above  process,  by  Mr.  Ransom  sets 
the  opposing  elements  at  defiance.  Ransom  dissolves  flint  in  caustic  soda, 
adds  dry  silicious  sand  and  lime-stone  in  powder,  forms  the  paste  into  the 
desired  forms,  and  hardens  it  in  a  bath  of  a  solution  of  chloride  of  cal- 
cium, or  wash  it  by  means  of  a  hose. 

Make  blocks  of  concrete  with  hydraulic  cement.  When  well  dried, 
immerse  in  a  bath  of  silicate  of  potash  or  soda,  in  which  bath  let  there 
be  silica  free  or  in  excess.  '  Here  the  lime  in  the  block  takes  the  alkali, 
leaving  the  latter  free  to  act  again  on  the  excess  of  silica,  and  so  pro* 
ceed  till  the  block  is  an  insoluble  silicate  of  lime,  known  as  the  silicated 
concrete,  or  Victoria  stone,  of  which  pavements  have  been  made  and 
laid  in  the  busiest  part  of  London ;  also,  as  above  stated,  enormous  build- 
ings, such  as  the  new  warehouses^  27  South  Mary  Ave.,  London. 

Silicate  of  Potash  is  composed  of  45  lbs.  quartz,  30  lbs.  potash,  and  5 
lbs.  of  charcoal  in  powder. 

Silicate  of  Soda — Quartz  45,  soda  23,  charcoal  3.  These  are  fused, 
pulverized,  and  dissolved  in  water. 

This  silica  absorbs  carbonic  acid,  therefore  it  must  be  kept  closely- 
stopped  from  air.  The  strength  is  estimated  by  the  quantity  of  dry 
powder — 40  degrees  means  40  of  dry  powder  and  60  of  water. 

In  applying  this,  begin  with  a  weak  solution,  make  the  second  stronger. 
One  pound  of  the  silica  to  five  pounds  of  water  will  answer  well.  It 
is  not  to  be  applied  to  newly-painted  surfaces. 

Mortar  and  lime  stones  ultimately  produce  silicate  of  lime. 

If  the  surface  is  coated  with  a  solution  of  chloride  of  calcium,  the 
chlorine  will  combine  with  the  soda,  making  the  soluble  salt,  chloride  of 
sodium,  and  there  remains  on  the  surface  silicate  of  lime,  which  is  highly 
insoluble.  The  surface  is  washed  with  cold  water,  to  remove  the  chloride 
of  sodium. 

When  applied  to  stone  or  brick,  add  3  parts  of  rain-water  to  a  silicate 
of  33  degrees.  A  final  coating  of  paint,  rubbed  up  with  silicate  of  soda,, 
will  render  the  surface  so  as  to  be  easily  cleane<i  with  soap  and  water. 
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This  silicate  adheres  to  iron,  brass,  zinc,  sodium,  etc.  Enormous  build- 
ings have  been  built  and  repaired  by  this  means.  The  best  colors  to 
be  used  with  it  are  Prussian  blue,  chromate  of  lead  and  of  zinc,  and 
blue-green  sulphide  of  cadmium. 

BEAMS   AND  PILLARS. 

SlOi'll.  The  strongest  rectangular  beam  that  can  be  cut  out  of  a  log 
is  that  whose  breadth  =  </ divided  by  1,732,  where  d  =  diameter  of  the 
log.     (See  Fig.  80.) 

In  the  figure,  a  e  =  diameter,  make  a/  =  one-third  of  </,  erect  the 
perpendicular  /d,  join  ^  c  and  a  by  make  c  d  parallel  to  a  b,  join  a  d, 
then  the  rectangle,  abed,  is  the  required  beam.     See  Sections  21, 22. 

A  beam  supported  at  one  end  and  loaded  at  the  other  will  bear  a 
^vcn  load,  =  w,  at  the  other  end. 

When  the  load  is  uniformly  distributed,  it  will  bear  2w. 

Beam  supported  at  both  ends  and  loaded  at  the  middle  =  4  w. 

Beam  supported  at  both  ends  and  the  weight  distributed  =  8  w. 

When  both  ends  are  firmly  fixed  in  the  walls,  the  beam  will  support 
iifty  per  cent.  more. 

The  following  table  are  the  breaking  weights  for  different  timbers  and 
iron — the  safe  load  is  to  be  taken  at  one-fourth  to  om-sixth  of  these: — one- 
sixth  is  safer. 

310t'12.  TABLE. 

SPECIFIC  GRAVITIES,  BREAKING  WEIGHTS,  AND  TRANSVERSE  STRAINS  OF 
BEAMS  SUPPORTED  AT  BOTH   ENDS  AND   LOADED  IN  THE  MIDDLE. 


ey     I    •  ^ 

Brking 

Trans  V 

KIND  OF  WOOD. 

Sp  cific 
Or'vity 

Weight 

Strain. 
S 

2022 

AUTHORITY. 

• 

Ash,  English, 

760 

Barlow. 

II     African,  -        -        - 

985 

1701 

2484 

Nelson. 

n     American,    - 

611 

274 

1550 

II 

n     White,  II     seasoned, 

642 

2041 

Lieut.  Denison. 

II     Black,    II     - 

533 

8861 

Moore. 

Elm,  English,  -        -        - 

605 

551 

Nelson. 

11     Canada, 

703 

1377 

1966 

II 

ti          II         -        -        - 

685 

1265 

1819 

Denison. 

II     Rock,  seasoned,  - 

752 

2312 

II 

II         II      green,    - 

746 

2049 

Nelson. 

Hickory,  American, 

838 

1857 

1332 

M 

Iron- wood,  American, 

879 

1800 

M 

Butternut,  green. 

772 

1387 

II 

Oak,  American,  mean  of  11, 

1034 

1000+ 

1806 

II 

II     Live,        -        -        - 

1120 

1041 

1513 

•1 

Pine,  White,  mean  of  6,  - 

453 

966 

1456 

II 

It     North  of  Europe, 

587 

1387 

Moore. 

H     Red,  West  Indies,  - 

1799 

Young. 

II        II  American,  mean  3, 

621 

1292 

1944 

Nelson. 

Hemlock,     -        -        - 

911 

1142 

Chatham,  England. 

Larch,  Scotch, 

480 

1193 

II                II 

Coudie,  New  Zealand, 

550 

1873 

II                If 

Bullet-tree,  Wist  Indies,  - 

1075 

2733 

Young. 

Green-heart,         n 

1006 

2471 

II 

Kakarally,            n 

1223 

2379 

II 

Yellow- wood,  mean  of  3, 

926 

1364 

2103 

II 

Wallabia, 

1147 

1643 

Lancewood,  South  African, 

mean  of  4,    - 

1066 

1167 

2305 

Nelson. 

Teak,  mean  of  9, 

719 

1292 

1898 

11 
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Let  /  =  length,  b  =  breadth,  d  =■  depth,  W  =  breaking  weight,  loaded 

at  the  centre,  S  =  transverse  strain  acting  perpendicularly  to  the  fibres. 

-  ij  b^  and  d  in  inches — W  and  S  in  pounds. 

/W                    4*</2S 
S  =  W  = 

W/  W  / 

b  =  </= 

4<^2S  43S 

TIMBER  PILLARS.      BY  RONDELET. 

SlOz'ld.     Let  w  —  the  weight  which  would  crush  a  cube  of  fir  or  oak. 
When  height  =  12  times  the  thickness  of  the  shorter  side,  the  face =0.833^6'' 
n  24  It  II    -        n  II  II  O.SODzcr 

II  36  II  II  ti  II  M  0.334?<^ 

II  '48  II  II  It  II  11  0.166ze^ 

•I  60  II  II  II  11  It  0.083ur 

11  72  ••  ft  M  It  II  0.0427t^ 

1.  Example..'  A  white  pine  pillar  24  ft.  long,  12  inches  wide  and  & 

inclies  thick.     Required  the  breaking  weight. 

From  Sec.  3107.     The  crushing  weight  of  white  deal  =  7293 

72  =  12  X  a 

Length  =  48  times  the  shorter  side.  525096 

.166  =  34 

87,516  lbs. 
Rondelet  =  39.07  tons. 

SlOz'H.  Hodgkinson^ 5  formula  for  long  square  pillars  more  than  thirty 
times  the  side — 

W  —  breaking  weight  in  tons,  /  =  length  in  feet,  d  —  breadth  in 
inches. 

Note.     With  the  same  materials  a  square  column  is  the  stronj^'est,  the 

timber  in  all  cases  being  dry. 

d* 
W  =  10.95  -j^  for  Dantzic  oak. 

d4 
W  =  6.2  -^  for  American  red  oak.* 

dK 
W  =  6.g  -^  for  red  pine. 

d4-    • 
W  =  6.9  Y7  French  oak. 

d^ 
W  ==  12.4-T-  for  Teak.* 

Note.     These  marked  *  are  put  in  from  the  values  of  C.     Sec.  319y6. 

3102^15.  Brereton's  experiments  on  pine  timber.  For  pieces  12  inches 
square  and  20  feet  long,  he  finds  the  breaking  weight  in  tons  120,  for  20^ 
30  and  40  ft.,  he  finds  115,  90,  and  80  tons  respectively.  Stoney  says  "  this 
is  the  most  useful  rule  published, ''  and  gives  a  table  calculated  from  Brere- 
ton's curve  to  every  five  feet. 

Ratio  of  length  to  the  least  breadth,  10,  15,  20,  25,  30,  35,  40,  45,  50. 

Corresponding  breaking  wt.  in  tons  per  sq.  ft.  of  section,  120,  118,  115^ 
120,  90,  89,  80,  77,  75. 

2.  Example.     White  pine  pillar  24'  ft.  by  12"  x  16". 

Ratio  24  ft.  to  6  in.  =  1-48  tabular  number  for  50  =  75  and  for 
65  =  77  .  ■.  or  therefore  for  48  =  76,8. 
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12"x6"x75.8 

12^  to —  —  37*9  tons.  BreretoH. 

By  Hodgkinson  least  side  6"  in  the  fourth  power  1296 
which  multiply  by  the  coeflit  for  red  deal    7.8 

10108.8 

Divide  by  the  square  of  the  length  in  feet  576  and  the  quotient  will  be 
for  red  pine  and  6  inches  square  17.55  tons. 

As  6":17.55:  :12"  =  for  12"  x  6"  =  35.10  tons. 

The  crushing  weight  of  white  deal  =»  7293  lbs.  and  of  red  deal  6586, 
that  is  white  deal  is  1.11  times  that  of  red  =35.1  x  1.11  ===  38.96  tons. 
Hodgkinson*s. 

Safe  load  in  structures,  includes  weight  of  structure. 

Stone  and  brick  one-eighth  the  crushing  weight. 

Wood  one*tenth.  Cast  iron  columns,  \vrought  iron  structures  and  cast 
iron  girders  for  tanks  each  one-fourth,  and  for  bridges  and  floors  one-sixth. 
A  dense  crowd,  120  lbs.  per  sq.  ft.  For  flooring  1>^  to  2  cwt.  per  sq.  ft., 
exclusive  of  the  weight  of  the  floor. 

310^16.     The  strength  of  cast  iron  beams  are  to  one  another  as  the 

areas  of  their  bottom  flanges,  and  nearly  in  proportion  to  their  depths. 

cad 
\V  =  — J-  =  theoretical  weight,  which  is  from  4  to  6  times  the  weight 

to  be  sustained.  Here  W  =  breaking  weight  in  tons  placed  on  the  mid- 
dle of  the  beam,  c  and  a  constant  multipliers  derived  from  experiments. 
One-sixth  the  breaking  weight  where  there  is  rolling  or  vibration  and  one- 
fourth  where  stationary  and  quiet,  generally  taken  at  26.  a  =^  sectional 
area  of  the  bottom  flange,  taken  in  the  middle,  d  =  depth  of  beam  » 
g  a  (fig.  81)  ^  =  length  between  the  supports. 

The  strongest  form^  according  to  Hodgkinson,  is  where  the  area  of  the 
lower  flange  is  six  times  that  of  the  upper  flange. 

Fairbarn^s  form  is  shown  in  fig.  81,  where  e  d  =  I,  a  6  =  2.6,ag  =  4, 
ah  =  0.42,  ef  =  0.20  and  i  k  =  0.25. 

Area  of  bottom  flange  =  1.05  and  of  top  one  =  0.20.  Here  we  have 
the  bottom  flange  area  =  6^  times  that  of  the  top. 

Afr.  Fairbarn  says,  at  page  32  of  his  treatise,  that  "  a  beam  made  in 
the  above  form,  will  be  safer  unthout  truss,  bars,  or  rods  than  with  them. " 

At  page  65,  he  shows  that  the  advantage  of  a  truss  beam  is  but  two- 
thirds  of  that  of  the  simple  beam  as  determined  by  experiments. 

310^17.     To  calculate  the  strength  of  a  truss  beam,  dimensions  in  inches. 

(26a  +  3ai  ).d 
W  = 5^ X.OT&.     Here  w  =  safe  weight,  a  =  area  of  bottom 

flange,  and  b  =  area  of  the  truss  rods,  /  =  the  distance  between  the  points 
of  support,  and  d  =■  depth  of  the  cast  metal  beam.  At  p.  51,  he  states 
that  when  the  broad  flange  is  uppermost  its  strength  is  100,  and  when  un- 
dermost its  strength  is  173. 

Note  A.  There  are  various  causes  which  render  cast  iron  beams  unsafe 
for  bridges,  ware-houses,  and  factories.  The  wrought  iron  beams  are  lighter, 
easier  handled  in  building,  stronger,  and  cheaper  than  cast  iron,  and  are 
only  about  two- fifths  the  weight  of  cast  iron  beams  of  the  same  strength. 

Note  B.  By  comparing  thirty  principal  American  trussed  bridges,  we 
find  that  their  depth  is  about  one-eighth  their  span,  ranging  firom  one-fifth 
to  one-tenth. 
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310e/18.      Wrought  iron  beams. 

Note  C.  The  box^beam  (fig.  82)  -  is  the  strongest  form,  weight  for 
weight,  best  beam  (fig.  83)  on  account  of  its  simple  construction,  facility 
of  painting;  it  is  recommended  by  Fairbarn,  who  Says  that  ''taking  the 
strength  of  a  box  beam  (fig.  82)  at  1,  that  in  the  form  of  Fig.  83  would 
be  0.93,  each  of  equal  weight.  Beams  like  Fig.  83  can  be  made  for  build- 
ings 60  ft.  wide  without  columns,  and  with  one  row  of  columns  they  may 
be  22  inches  deep  and  5-16  inches  thick,  with  angle  iron  ri vetted. 

Let  W  =  breaking  weight  in  tons,  d  =  22"  =  depth  of  beam,  a  area 

of  the  bottom  flange,  /  distances  between  the  supports  in  inches  =  360 

adc 
W  —  —T'        Here  =  constant  =  75  and  a  =  6" 

6  X  22  X  75 
that  is  W  = 5^jj^ =  27,5  tons  in  the  middle,  or  55 

tons  distributed.  Fairbarn  gives  the  weight  of  this  beam  equal  to  40  cwt 
and  that  of  wrought  iron,  having  the  same  strength,  equal  to  16  cwt.  1  qr. 
and  14  lbs. 

CAST  IRON  PILLARS. 
D3.5 

310f  19.     \V  —  m  .^     tons.      W  =  breaking  weight  in  tons.     D  =s 

external  and  d  =  internal  diameters  in  inches,  and  b  =  length  in  feet. 

Hodgkinson  gives  a  mean  value  of  13  irons  =  4.6. 

To  find  D  in  the  power  3}i.  Find  the  logarithm  of  D.  Multiply  it 
by  Z}4  and  find  the  natural  number  corresponding  to  it. 

D3.5 
W  =  42.6'  7— r~  tons.      The  thickness  of  metal  in  a  hollow  pillar  is 

usually  taken  at  one-twelfth  its  diameter.  Assuming  the  strength  of  a 
round  pillar  at  100,  then  a  square  pillar  with  the  same  amount  of  material 
=  93,  a  triangular  pillar  with  the  same  amount  of  material  =  110. 

3I0»20.     Gordon's  rule  is  considered  the  best  formula. 

p  ^    yy  Here  P  =  breaking  weight  in  lbs.,  S  =  sectional  area, 

1* 


1  +  a /  —  length,  and  h  =  the  least  external  diameter  on 

the  least  side  of  a  rectangular  pillar,  /and  a  =  con- 
stants.    (All  in  inches. ) 
For  Wrought  iron,  f  ==  36,000  and  a  =  .00033. 
"      Cast  iron,  f  =  80,000  and  a  =  .0025 

.1      Timber,  .f=    7,200  and  a  =  .004. 

Example  1.  Let  length  =  /  =  14.  Diameter  =  //  =  8  inches  of  a  tim- 
ber pillar  or  column. 

Sectional  area  =  50,265 'multiplied  by  the  value  of  /  =  72,000  gives 

361908  =/S. 

14x  12x  14x  12  /2 

g— g =  336  =:  -^-.      This  multiplied  by  .004  =  1,344  and 

I  -I-  1.344  =  2.344  =  the  denominator  in  the  formula,  which  divided  into 
361908,  gives  the  value  of  P  =  154,397  lbs. 

The  safe  weight  to  be  taken  at  one-sixth  to  one-eighth  for  permanent 
loads  and  one-third  to  one-fourth  for  temporary  loads. 

310w.  We  are  to  find  the  weight  of  the  proposed  wall  with  the  pres- 
sure of  the  roof  thereon,  and  prepare  a  foundation  to  support  eight  times  this 
weight  on  rock  foundation,  and  in  hard  clay  the  safe  load  may  be  taken 
from  17  to  23  lbs.  per  square  inch.     In  Chicago,  on  blue  clay  the  weight  is 
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for  two  stories,  12  inches  thick.  If  more  than  two  stories  above  the  base- 
ment, the  basement  and  first  story  shall  not  be  less  than  16  inches,  and 
the  walls  above  the  second  story  not  less  than  12  inohes,  and  with  the  ex- 
ception of  the  front  walls  the  others  will  extend  at  least  12  inches  above 
the  roof.     For  dwelling-houses  the  above  may  be  reduced  4  inches. 

In  all  buildings  over  25  ft  in  width,  and  having  no  partitions  or  girders 
supported  by  columns  or  piers,  4  inches  must  be  added  for  every  additional 
10  ft.  in  width  of  said  building. 

CHIMNEYS. 

SlOw'O.  Chimneys.  That  of  the  Refining  Company^  in  Chicago,  is  151 
ft.  high,  12  ft  square  at  base.  Two  courses  of  heavy  dimension  stones. 
Base  16  ft.  square.  Mortar  made  of  cement  and  roofing  gravel.  Pressure 
on  foundation  34  lbs.  per  square  inch. 

The  McCormick  Reaper^  160  ft.  high,  14  ft.  square  at  base  of  column, 
which  is  circular.  It  is  25  ft.  square  at  the  ground.  Flue  6'  8*  diameter. 
Covers  an  area  of  625  square  ft.  Weighing  1 100  tons.  Pressure  24^]bs. 
per  square  inch.     Built  on  hard,  dry  clay. 

The  J'obacco  Chimney^  in  Paris^  is  29  metres  high.  Outer  diameter  at 
the  bottom  3.45  metres.  Inner  dia.  at  the  same  —  2.15  metres.  At  the 
top  the  outer  dia.  =  1.30  and  the  inner  =  1.03  met  This  bums  700 
kilogrames  of  coal,  which  gives  about  150  horse  power.  Chimneys  in 
France  are  built  from  20  to  30  metres  high,  rarely  40  metres. 

M.  Darcet  recommends  one  square  decimeter  to  every  3  kilogrames  of 
coal  consumed  per  hour  =  0.64  horse  power. 

The  surface  for  the  grating  three  times  greater  than  that  for  the  chimney. 

Best  forms  in  order  are,  circular,  octagonal,  or  many  sided. 

Thickness  at  top  usually  one  brick  in  length.     * 

Xhickness  at  top  0.11  to  0.22  metres,  and  putting  </=  inner  diameter 
and  dx  =  outer  diameter  at  top,  we  have  d  =  </i  +  0.22  or  d  +  0.44. 
And  putting  D  =  bottom  diameter  and  Di  =  outer  dia.  at  do.,  we  have 
H  =  height  and  x»  =  a  tabular  constant  for  slant  or  inclination.  Then 
Di  =  D  +  2  Hm,  where  m  for  the  interior  is  taken  bet  0.012  and  0.018 
and  for  the  outer  dia.  m  is  taken  at  0.025  to  0.035. 

Example.     H  =  60  metres,     d  =  0.60  =  interior  diam. 

Then  D  =  d  +  2Hm  =  0.60  +  120  x  0.015  =  2.40  metres  mean 

r  =  0.60  +  0.33  +  120  X  0.30  =  4.53  took  mean  thick- 

ness and  constants. 

Chimney  at  Si.  Rollax^  GkugmOf  455^  ft.  high,  and  435^  ft.  above  bottom 
of  the  base,  which  is  of  concrete,  6  ft.  thick.  Load  per  square  ft.  6720 
lbs.  or  3  tons  on  concrete. 

Chimney  at  Muspratt*s  Chemical  fVorhSf  St  Helen's,  near  Liverpool,  is 
406  ft.  high. 

Chimney  at  IVest  Cumberland y  Harmetide  Iron  Works.  Base  of  con- 
crete 3  ft  thick,  made  with  hydraulic  lime.  Height  above  grouud,  250; 
total  height,  267  ft.  Pressure  at  a  section  2  ft.  above  the  ground.  Work- 
ing load  on  concrete  3  tons,  and  on  brickwork  8  tons. 

Chimney  at  Atkins^  Soap  fVorhs,  near  Birmingham,  England.  Total 
height,  312  ft     Brickwork.     Pressure  per  square  ft.  at  base,  6  tons. 

Shot' Tower,  Baltimore.  Brickwork,  244  ft.  high.  Working  load  on 
base,  6>^  tons.     The  crushing  weight  =  4.8  times  the  working  load. 

CTnited  States  Light  House,  160  ft.  high.  Brick.  Pressure,  3.7  tons. 
Crushing  weight  at  base  =  ^%  times  the  working  or  safety  load. 
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Pressure  on  roof  for  weight  of  roof,  snow,  and  pressure  of  the  wiqd, 
40  lbs.  per  square,  weather  side,  and  20  lbs.  on  the  other,  under  150  foot 
span;  add  1  lb.  for  every  additional  10  feet,  stoney,  524. 

Greatest  pressure  of  wind  observed  in  Great  Britain  was  55  lbs.  per 
square  foot  =  0.382  lbs.  per  square  inch. 

TUNNELS. 

SlOzcl.  Tuttnels. — Within  brick  work,  for  single  track,  20  feet  high,  15 
ieet  wide.  Double  track,  24  feet  high,  and  24  to  30  feet  wide.  For 
canals,  14  to  30  feet  high  and  14  to  30  feet  wide. 

Minimum  tunnels,  4^  by  3  feet.  The  form  of  a  horse-shoe,  or  elliptical, 
is  generally  adopted,  resting  on  an  inverted  arch,  excepting  that  directly 
under  the  side  walls,  which  is  horizontal.  Shafts  are  sunk  to  facilitate 
the  lifting  of  materials  and  supplying  fresh  air ;  they  are  about  8  feet  in 
^diameter.  The  Mount  Cenis  tunnel  is  7.59  miles  long,  has  no  shaft, 
owing  to  its  great  depth  below  the  .top  of  the  surface.  At  each  end 
there  is  a  sump  or  well,  to  collect  the  water  of  the  tunnel,  and  from 
which  it  is  lifted. 

Some  are  made  by  sinking  cast-iron  cylinders,  others  steined  with  brick, 
those  of  iron  ought  to  be  preserved  from  oxidation.     See  Sec.  310z^. 

In  sinking  a  shaft  lined  with  brickwork,  a  drum  curb,  made  of  oak 
timber,  mounted  with  bevelled  iron  to  enable  it  to  sink.  The  outer 
diameter  is  the  same  as  that  of  the  brickwork.  The  excavation  is  made 
greater  than  the  intended  shaft.  The  drum  is  lowered  horizontally  as  low 
as  the  excavation  will  permit,  and  the  brickwork  laid  in  single  courses 
or  rings.  There  are  temporary  supports  to  keep  the  drum  in  position 
until  another  length  is  excavated,  then  these  are  removed.  The  sharp 
ed^e  of  the  drum  penetrates  deeper,  carrying  its  already  built  load  of 
masonry,  and  giving  an  additional  length  on  top  to  be  built,  etc.  At  the 
London  Thames  tunnel,  the  Wapping- Street  shaft  was  sunk  on  a  drum 
to  72  feet  deep. 

Tunnels  in  soft  ground  must  be  timbered  in  length.  The  cost  of  brick- 
work in  tunnels  is  about  double  of  what  it  is  over  ground. 

The  Mount  Cenis  tunnel  was  made  by  driving  jumpers  by  atmospheric 
pressure,  using  the  pressure  of  five  atmospheres,  each  jumper  driven  by 
its  own  air-cylinders,  holes  1  3-16.  in.  diameter,  80  holes  driven  in  the 
surface  of  the  tunnel,  making  a  progress  of  1^  yards  per  day. 

Thames  tunnel,  built  in  soft  earth  by  Brunei,  37i  feet  wide,  22  feet 
high,  being  in  two  parallel  elliptical  archways,  each  14  feet  wide  and 
l7  feet  high;  thickness  at  invert,  2^  feet,  at  the  crown  2^  feet,  sides  3 
feet,  central  wall  3^  feet,  the  whole  laid  on  a  flooring  of  elm  planks  3 
inches  thick.  In  constructing  this,  Brunei  used  a  shield — a  machine  resem- 
bling a  man,  moving  forward  step  by  step  and  arm  after  arm.  Cost 
jQ\2  5s  per  cubic  foot  of  its  bulk,  and  £11^1  per  lineal  foot.  For  a 
full  account  of  this  great  feat  of  engineering,  see  Weal*s  Quarterly  Papers 
on  Engineering. 

We  believe  the  mortar  made  by  the  ancients  was  mixed  with  blood  and 
iron  filings. 

From  tfu  Professional  Papers  of  the  Royal  English  Engineers, 
31Oz02.     Concrete  of  lime  and  stones  will  not  concrete. 
Godwin  gives  stones,  2,  sand,  1,  lime  sufficient  to  mix  well,  then  add 
boiling  water;  use  while  hot,  and  ram;  the  stones  not  larger  than  a  hen's 
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egg.      Gravel  means  coarse  gravel  5,  sand,  3.    3^  buckets  oi  graz*tl^  \ 
bucket  of  lime,  and  -  bucket  of  boiling  water — ready  for  use  in  2|  minutes. 
An  arch  of  concrete,  4  feet  thick,  was  found  to  be  bomb-proof,  at 
Woolwich,  England. 

TUNNELS. 

SlOsz'd.  Hoosaic  Tunnd^  (fig.  83c),  has  shafts,  the  central  one  of  which 
Is  10^  ft.  deep,  of  an  elliptical  form.  The  conjugate  diameter  across  the 
roadway  is  IMt,  and  the  transverse  along  the  road  27  ft.  There  are  other 
shafts,  some  6'  x  6',  W  x  8',  and  13'  x  8'.  Where  the  shaft  i$  not  in  rock, 
it  is  lined  on  one  sWe  2'  8^  to  2'  2",  and  on  the  other  side,  7!  AT  to  1'  8*. 
The  work  was  carried  on  the  same  as  Mount  Cenis,  using  the  Burleigh 
rock  drill,  mounted  on  two  carriages;  each  carrying  five  drills,  standing  on 
the  same  cross  section,  6  ft.  asunder.  The  explosives  used,  were  nitrogli- 
cerine  in  hard  rock;  and  powder  in  other  places.  The  compressed  air,  at 
the  time  of  the  application,  was  63  lbs.  per  square  inch,  which  was  2  lb. 

« 

less,  due  to  its  passage  through  two  cast-iron  pipes,  each  8  inch,  in  diame- 
ter,  through  which  fresh  air  was  supplied  to  the  workmen.  Three  gangs 
of  men  worked  each  eight  hours  per  day,  excepting  Sundays. 

Average  shafts,  26  ft.  high  and  26  ft.  at  widest  part,  sunk  25  feet  per 
month,  and  in  rock,  about  9  ft.  per  month. 

Tunnel  for  one  track  is  19  ft.  from  the  top  of  the  rail  to  the  intrados  of 
the  csown,  and  widest  width  ==  184  ^^-  Thickness  of  the  arch  =  1'  KX', 
horse  shoe  form. 

310ze4.  T/ie  Box  Tunnei,  (Fig.  83a),  on  the  Great  Western  Railroad, 
England,  (horse  shoe  form),  is  28  ft.  wide  at  the  top  of  the  rail  and  24}  ft. 
high.     Thickness  of  arch  2'  3\ 

At  13  ft  above  the  rail,  width  is  30  ft.  At  20  ft.  above  the  rail,  width 
is  20  ft.  At  244  ft.,  width  is  O.  Length  9600  ft.  in  clay  and  lime  stone. 
Shafts  at  about  every  1200  ft. 

310ze^.  77ie  Sydenham  Tunnel,  (Fig.  83b).  On  the  London  and  Chat- 
ham Railroad,  England.  Length  6300  ft.  Five  shafts,  each  9  ft.  diame- 
ter. Thickness  of  arch  3  ft.  Width  at  level  of  rail  224  ^(-  ^^^  5  ft.  above 
rail  24  ft.  At  10  =  23  ft.  At  16  =  18  ft.  At  204  ft-  met  under  part  of 
the  crown. 

310z&6.     Tunnel  for  one  track.     ( Fig.  83e. ) 

310ZC/7.  BL.\STING    ROCK. 

Let  P  =  lbs.  of  powder  required  when  /  =  the  length  of  line  of  least 
resistance,  that  is,  to  the  nearest  distance  to  the  surface  of  the  rock  in  feet, 
which  should  not  exceed  half  the  depth  of  the  hole. 

P  —~^'     One  pound  of  powder  will  loosen  about  10,000  lbs.  of  rock. 

Nitroglycerine  is  ten  times  as  powerful  as  powder,  but  extremely  dangerous. 
DucUine  is  ten  times  as  powerful  as  ]X)wder.  Gun'cotton  is  about  five  times 
that  of  powder.  Giant,  Rendrock,  Herculian,  and  Neptune,  about  the 
.same  as  nitrc^licerine.    Giant  powder  is  preferable,  but  is  more  expensive. 

In  small  blasts,  1  pound  of  powder  loosens  44  tons  of  rock;  and  in  large 
blasts,  it  loosens  2  3-5ths.  tons. 

It  is  usual  to  use  4  to  4  lb.  of  powder  for  ton  weight  of  stone  to  be  re- 
moved, taking  advantage  of  the  veins  and  fissures  of  the  rock  in  sinking. 

A  man  in  one  day  will  drill  in  granite,,  by  hammering,     100  to  200  in. 

churning,         200  n 

lime  stone,  500  to  700  n 
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SlOsc^.  The  bottom  of  the  hole  may  be  widened  by  the  action.  Of 
one  part  nitric  acid  added  to  three  parts  of  water.  See  Fig.  85,  which 
represents  a  copper  fannel  of  the  same  size  as  the  hole.  Inside  of  this  is  a 
lead  pipe  an  inch  in  diameter,  reaching  to  within  one  inch  of  the  bottom. 
About  the  outside  of  the  funnel  is  made  air-tight  at  the  surface  with  clay 
around  it  At  g,  above  the  neck,  is  a  filling  of  hemp.  The  acid  acting 
on  the  limestone  in  a  bore  of  2}  inches,  will  remove  55  lbs.  of  stone  in  four 
hours.  The  frothy  substance  of  the  dissolved  rock  will  pass  through  the 
copper  tube.  And  after  a  few  hours,  the  hole  is  cleaned  and  dried,  and 
made  ready  to  receive  the  powder. 

One  lb.  of  powder  occupies  30  cubic  inches  of  space,  fills  a  hole  1  inch 
in  diameter  and  38  inches  deep. 

As  the  square  of  1  inch  diameter  filled  with  1  lb.  of  powder  is  to  38 
inches  in  depth,  so  is  the  square  of  any  other  diameter  to  the  depth  filled 
with  1  lb.  of  powder.     See  Sir  John  Burgoyn^s  Tnatise  on  BlcuHng. 

AVhen  the  several  holes  are  charged  they  are  connected  by  copper  wires 
writh  a  battery  and  then  discharged. 

The  blowing  up  of  Hell  Gate,  by  Mr.  Newton,  is  the  greatest  case  of 
blasting  on  record. 

At  the  Chalk  Ciiflf,  near  Dover,  England,  400,000  cubic  yards  were  re- 
moved by  one  blast.  Length  of  face  removed,  300  feet.  Total  pounds  of 
powder,  18,500. 

ARCHES,    PIERS,    AND  ABUTMENTS. 

310r£0.  Next  page  is  a  table  showing  several  bridges  built  by  eminent 
engineers,  giving  their  thickness  at  the  crown  or  key  of  each,  as  actually 
existing,  and  the  calculated  thickness,  by  Levell's  formulas.  We  also  give 
Trautwine.  Rankine  &  Hurst's  formulas.  M.  Levelle,  in  1855,  and  since, 
has  been  chief  engineer  of  Roads  and  Bridges  in  France.  We  believe  that 
•all  surveyors  and  engineers  are  familiar  with  the  names  and  works  of 
Trautwine.     Rankine  &  Hurst 

<!^  =  thickness  of  the  crown,  r  =  radius  of  the  intrados.  h  —  height  of 
the  arch,  s  •=■  half  span,  v  =  height  of  the  arch  to  the  intrados,  and  /• 
=  the  radius  of  the  circle.     Then, 

__     X2     —7/2 

^  2v  See  Euclid,  Book  III,  prop.  35.* 

S-f-lO                                    S-f- 32.809 
By  LeuelU,    C  =  — oq —  for  French  meters,  = «^ for  English  ft. 


By  Prof.  Rankine.  Q  ^  si  ^.  12r  for  a  single  arch  and  V  0. 17r  for  a 
-series  of  arches.  

Bv  Trautwine.     C  =./ 11*5- +  0*2  feet  for  first-class  work. 

V     4 

To  this  add  one-eighth  for  second-class  work,  and  one-fourth  for  brick 

or  fair  ruble  work. 

By  Hurst.     C  »=  0.3  V  ^  for  block  stone  work. 

n       (1  C  ==  0.4  ^  X   {kx  brickwork  and  0.45  V  r  for  rubble  work. 

S 

II       ti  C  —  0.46  V  S     *^~12'  ^^^'^  straight  arch  of  brick,  with  radi- 

ating joints. 

Mr.  Levelle  finds  his  formula  to  agree  with  a  large  number  of  arches 
now  built  from  spans  of  5  to  43  meters,  including  circular,  segments  of 
circles,  semicircular,  and  elipitical. 

*  If  two  lines  intenect  one  another  in  a  circle,  the  product  of  the  cegments  of  one  = 
the  product  or  rectangle  of  the  others. 
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nt  dc  la  Concorde,  Pari 

p  dc  CounEtks  du  No 

.  d«  Abbiiiolis,        f 

'  dcEoole  MUiuin. 

.  dcMeluey 


.    Saint  Muemx  Sur  U  Oiic.    .. 
I    de  U  Boucherie,  Xurcmburg 


)e  Saint  Hylarion,  R.  R.  Pari 


..    y  Prydd.  Wales 

Cainn  John.  Wuhington  Aqueduct.. 

Ballodiinyle.  Ayr,  ScwUind 

Dean,        Edinbuinh,  •.      

Ordinary  over  a  double  R.  R.  track. 


Mersey  Gi 

Pliiladelpt 


•  deiClKvns" 

•  deOileaniA' 

nt  de  NEUill;,  Pm. . . 


lie  Sur  te  Ronundie  B. 

I'Nojent'.i":;:: 


luSainl  du-RhoiK... 


Tit  Line  of  Rupture  in  a  semicircle  arch,  wilh  a  horizontal  extrados,  is 
where  the  line  of  60  degrees  from  the  vertical  line  through  the  crown 
meets  the  arch. 

This  has  been  established  by  Mr.  Mery,  and  Mr.  Pelit,  of  France,  the 
latter  a  Captain  of  Engineers, 

Afr.  LavdU,  from  Pelit,  gives  for  semicircular  arches,  where  d  =  diame- 
ter, /  =  thickness  of  the  arch  or  key  at  the  crown. 

When  the  diameter  =  S.-nOO,  5,m00,  lOm.OO,  20n',00,  then 
/l.+0.1d\ 

/  =  ^ — g J  =  0.40,  0,.W,  0.67,  1. 00,  whose  corresponding  angles 

of  rupture  arc  59°.   63°.   64°,  and  65°.,  from  the  vertical  line  CD. 

Lavelle  adopts  60°. 
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TELFORD'S  TABLE.— Highland  Bridges. 
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310x1.  Radius  of  Curvature.  Fig.  86— Let  ABCD  be  a  curve  of 
hard  substance.  Wind  a  cord  on  it  from  1)  to  A.  Take  hold  of  the  cord 
at  A  and  unwind  it,  describing  the  oscilatory  curve  a,  b,  c,  d.  When  the 
cord  is  unwound  as  far  as  B  and  C,  etc.,  the  point  or  end  A  will  arrive  at 
B,  C,  etc.,  and  the  line  BC  will  ht  the  radius  of  curvature  to  the  point  6, 
and  the  line  Cc  will  be  the  radius  of  curvature  to  the  point  C. 

The  curve  ABCD  may  be  made  on  thick  pasteboard,  and  drawn  on  a 
large  scale,  by  which  mechanical  means  the  radius  of  curvature  can  be 
found  sufliciently  near. 

The  radius  of  curvature  of  a  circle  is  constant  at  every  point. 

310x2.      Tension  is  the  radius  of  curvature  at  the  crown. 

310x3.  Piers.  L.  B.  Albert!  says  piers  ought  not  to  be  more  than  one- 
fourth  or  less  than  one-fifth  the  span. 

The  pier  of  Blackfriar's  Bridge,  London,  is  about  one-fifth  the  span. 
The  pier  of  Westminster  Bridge,  London,  is  about  one- fourth  the  span. 
The  pier  at  Vicenza,  over  the  Bacchilione,  Palladio,  makes  one-fifth  the 
span. 

Piers  generally  are  found  from  one-fourth  to  one-seventh  of  the  span. 
The  end  of  the  pier  against  the  current  is  pointed  and  sloped  on  top,  to 
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break  the  current  and  floating  ice,  if  any.  When  the  angle  against  the 
current  is  ninety  d^[rees,  the  action  of  the  water  is  the  least  possible,  and 
half  the  force  is  taken  off. 

310x4.  The  horizontal  thrust  of  any  senii-arc.  Fig.  87,  AEKD.  By 
section  313,  find  G,  the  centre  of  gravity  of  said  arc,  or  by  having  the  plan 
drawn  on  a  large  scale — about  four  feet  to  one  inch — the  point  G  can  be 
found  sufficiently  near. 

Draw  OGM  at  right  angles  to  AQ,  and  draw  DO  parallel  to  AQ. 
We  find  the  area  A,  of  AEKD.  We  have  A  M  from  construction,  and 
OM  =  QD  =  rise  at  the  arch,  and  AQ  =  one-half  the  span,  and  the 
height  of  the  pier,  XY,  to  find  the  thi.kness  of  FE  ^  BL.  We  have 
OM  :  AM  ::  A  :  1\  equal  to  its  thrust  in  direction  of  AH  on  the  pier.  We 
have  taken  the  area  A  to  be  in  proportion  to  the  weight,  and  make  the 
pier  to  resist  three  times  the  thrust,  T.  This  fourth  term  F,  will  be  the 
surface  of  the  pier  BEFL,  whose  height.  X  Y,  is  given.     Therefore, 

3T 

Thickness  of  the  pier  out  ofu*atrr.  —  yrr 

Ut  AQ  -  28,  MO  =  18,  AM  ==  9,  A  =  270,  and  XY  =  30. 

18  :  9  ::  270  :  135  =  T  =  thrust  on  the  pier  at  B. 

The  pier  30  feet  high  is  to  sustain  for  safety  three  times  135  =^  405 

405 

"ojr  -'■  13.5  ft.  -  -  BL,  the  required  thickness. 

310x5.     The  thrust  to  overturn  the  pier  about  the  point  I^ 

AMxAxCB     ,  ,  ^,„     ^, 

— OM which  must  be  =  LB  x  BL. 

/2AM  X  A  X  CB\>^ 
.  •.  BL  =  I — QM  X  EB     /      ~  thickness  of  a  dry  pier. 

/    7AMxAxCB    y^^   .     , 
BL  --  VoM-f^-5FB-  ABw      thickness  tVy  when  in  water.    Here  we  lake 

A,  as  before,  three  times  the  area  of  AEKD. 

In  circular  and  elliptical  arches,  we  take  AB  =  diameter  for  circular, 
and  transverse  axis  for  elliptical;  CD  for  rise  or  versed  sine  in  the  circular, 
and  the  confugate  diameter  in  elliptical,  and  DQ  for  the  generating  circle 
of  the  cycloid.  DP  =  abscessa,  and  PC  its  corresponding  ordinate  to 
any  point,  C,  in  the  cur\'es. 

Having  determined  on  the  span  and  rise  of  the  arch,  and  the  thickness, 

DK,  at  the  crown,  we  find  the  height,  CI,  at  the  point  C,  correspondin|T 

to  the  horizontal  line,  PC,  an  ordinate   to  the  abscissa  DP.      See  the 

above  figure. 

DK  X  DQ3 
CI  =  — pQ^ For  the  circle. 

DK  X  DQ3 
CI  =*  pQ^ —     For  the  ellipse  -  same  as  for  the  circle. 

DK  X  DQ* 
CI  —  /^jQ_j)p\a     For  the  cycloid. 

DKx(C  +  DP) 
CI  =  ;p For  the  catenary. 

Here  C  is  the  tension  or  radius  of  curvature  at  D. 
The  above  three  forms  are  practicable.     Sometimes  for  single  arches 
the  parabolic  arch  is  used. 

CI  =  DK  for  every  point,  C,  in  a  parabola. 
In  all  cases,  01  is  at  right  angles  to  the  line  AB. 
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Gwilt,  in  his  work  on  the  equilibrium  of  arches,  says:  '*  The  parabola 
may  be  used  with  advantage  where  great  weights  are  required  to  be  dis- 
charged from  the  weakest  part  of  an  edifice,  as  in  warehouses,  but  the 
scantiness  of  the  haunches  renders  them  unfit  for  bridges. " 

310x6.  The  Catenarian  is  correctly  represented  by  driving  two  nails 
in  the  side  of  a  wall  or  upright  scantlings,  at  a  distance  equal  to  the 
required  span  BA.  From  the  centre,  drop  a  line  marking  the  distance 
DQ  equal  to  the  rise  of  the  arch,  and  let  a  light  chain  pass  through  the 
point  to  ADB,  and  we  have  the  required  curve.  Let  DP  and  CP  be 
any  abscissa  and  corresponding  ordinate,  to  find  CI  from  the  intrados  to 
the  extrados. 

TO   FIND  THE  TENSION   AT  D. 

310x7.     Let  c  =:  tension  constantly  at  the  vertes. 

KD  =  thickness  of  the  arch  at  crown  —  a. 

DP  =  any  abscissa  x,  and  PC  =  y,  its  corresponding  ordinate. 

^  =   2    H];7+  ^-^3-  ^,  +  37g^    -  4g3555p  &c.  ;    This  is 
Dr.  Button's  formula,  excepting  that  the  parenthesis,  is  erroneously  omitted. 

C  =   2    "^  (^+  0-3333  -  01778^+01828^  -  0-0526  -pkc.  ) 

Example  given  by  Hutton.  I^t  DQ  =  40  =  jt,  and  one-half  the  span 
AQ  -  50  =-  y. 

Here  the  tension  C  =  20  x  (1-5625  +  03333  -  01137  +  0-0749 
-  0:0138,  &c. )    That  is  C  =  20  x  1  8432  =     36  864,  as  given  by  Hutton. 

TO   FIND  THE   RADIUS  OF  CURVATURE  AND  TANGENT  TO  ANY  POINT  C 

OF  THE  CATENARIAN.      Fig.  00.      

310x8.      Produce  QD  to  P  making  OP  =  CO  x  v'2c  +  DO  +  DO» . 


II 
II 


Join  PC,  which  will  be  the  tangent  to  the  point  C.  From  the  point  C, 
draw  CW  at  right  angles  to  AP.  And  make  As  r  :  r  +  DO  ::  f  +  DO  : 
CR  =  Rad.  of  curvature. 

When  the  abscessa  DO  ==  o  :  C  :  c  ::  c  :  CR=c,  Hence  the  tension  at 
the  lowest  point  D  is  equal  to  the  radius  of  curvature. 

Let  the  span  «  100  and  rise  =  40  feet,  then  radius  of  curvature 
for  a  segment  of  a  circle  ~  51.25  =  radius  of  curvature. 

II     Parabola,  ^  30.125 

11    Ellipsis,  =  62.5 

ti    Catenary,  =  36.864 

The  strength  of  the  Parabola  at  the  crown  is  to  the  above  figures  as  the 
nuL  of  curvature  of  the  other  figures,  to  that  of  the  parabola ;  hence  the 
strength  of  the  parabola  is  2.1  times  that  of  the  ellipsis,  and  P  :  C  ::  36.864 
:  30.129. 

Parabola  is  1.22  as  strong  as  the  Catanerian. 

To  find  the  extrados  to  the  point  C,  Whose  abscissa  DO  =  x  and  ordi- 
nate CO  =  y  are  given.     Fig.  90. 

Let  KD  =  a  and  DO  =  x  and  CO  =  ^  as  above.     Then  from  Hutton: 
ac-^-ax  ax 

CI  =  — ^  =  «  +  — 

c-a  ax 

KV  -— —  X  *  =  jc-  — 

DO  :  KV  ::  always  as  c  :  c—a. 

The  extrados  will  be  a  straight  line  when  a  =^  c,  the  tension  at  K. 
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In  the  above  example,  where  we  have  found  c  =  36,864  feet  to  have 
the  extrados  a  straight  line,  would  require  a  —  KD,  to  be  nearly  37  feet. 

Assuming  the  same  span  100,  rise  =»  40,  and  putting  DK  —  6  feet,  the 
extrados  and  the  arch  will  be  as  figure  91.  This  arch  is  only  proper 
for  a  single  arch,  where  the  extrados  rises  considerably  from  the  springing 
to  the  top. 

AC  =  CB  is  given  =  «  =  J-span.      CD  =  h  =  height.      Figure  92. 

DE  —  distance  of  chain  to  the  lower  part  of  the  roadway  parameter.     K 

and  M  any  points  in  the  curve,  from  which  we  are  to  find  the  suspension 

rods  KD  and  MP,  etc. 

CD-DE  CD-DE 

DK  =       ^^       X  HK»  +  and       ^^        x  DM«  +  DE=MP 

CD-DE 
We  have  — xr — »  *  constant  quantity;.     Let  it  =  r,  and  divide  EG 

into  any  parts  as  Q,  P,  D,  R,  etc.  Then  the  length  of  the  rod  at  R  =  RS 
=  r  X  ER»  and  rod  QT  =  f  x  EQ». 

310x9.  To  find  the  sectional  area  in  inches  of  any  rod,  as  DK,  and 
the  strain  in  pounds  on  it,  at  K. 

Let  W  =  weight  of  one  lineal  foot  of  the  roadway  when  loaded  with 
the  maximum  weight. 

Strain  on  JC.—lj^i  2    —  -  0.0003  be  divided  into  W,  it  will  give  the 

strain  in  pounds  on  K.     Let  this  strain  be  represented  by  S. 

Sectional  area  of  the  rod  DK  =  S  +  0,0000893  lbs. 

CD  -  DE 
DK  -      ^^,        X  HK»  +  DE  =  length  of  the  rod  DK. 

Let  W  —  weight  of  every  lineal  foot  of  roadway  and  its  maximum  load 

CD-DE 
thereon.     Strain  =  2  — -j-rr^ —    -  0.0003,  this  divided  into  W,  gives  the 

strain  on  the  lowest  point  D  of  the  chain. 

Sectional  area  of  chain  at  D  is  found  by  multiplying  the  last,  by  .0000893. 
Example,     Half  span  AC  =  200.     DE  =  2  feet,  wt.  of  one  lineal  foot 
of  road  =  500.     Horizontal  distance  HK  --  100  ft.     CD  =  40  ft. 

38  X 100^         380000 
^'-  ^  200x200-^  200  X -200  =^-^  ^  "^-     ^""^  95  +  2  =  11.5  ^ 
rod  KD. 

(40-2)         3Sx2  76 

-  2001^200^  40000"  ^     40000  ^  ^'^^^^  ^'^^  .0019-0.0003  =  0.0016. 

500 
-And    QQ,«  =  3.125.0001b.  lb.  —  strain  on  the  lowest  point  of  chain  at  B. 

And  31250000  x  0.0000893  =  279  square  inches  -  sec.  area  at  B. 

2  x  9i        19 

-Jqq-  =  1^-=  .0,190,  this  squared  +  0.0261   +  1  =  1.0262,  whose 

square  root  =  1.013,  which  x  by  3125000  =  3165625  lbs.  strain  on  the 
point  K,  which  x  by  0.0000893  ^  sectional  area  =  283  square  inches  of 
chain  at  K.. 

Basis  here.     Took  one-sixth  the  load  for  coefficient  of  safety. 

A  bar  of  iron  12  feet  long  and  1  inch  square  weighs  3.3  lb. 

The  tensile  strain  to  break  a  square  inch  of  wrought-iron  is  taken  at 
6720  lb.,  the  iron  loaded  with  one-sixth  its  breaking  weight. 

On  bridges^  the  load  should  not  exceed  one-twentieth  of  the  weight  which 
would  crush  the  materials  in  the  arch  stones;  and  where  there  is  a  heavy 
travel,  should  not  exceed  one-thirtieth. 
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310x10.  When  the  angle  at  the  point  of  an  abutment  against  the  stream 
is  90  degrees,  then  the  pressure  on  the  pier  is  but  one-half  what  it  would 
be  on  the  square  end.  The  longer  the  side  of  the  triangular  end  of  the 
pier  is  made  the  less  will  be  the  pressure.  Let  ABC  represent  the  trian- 
gular end  against  the  stream,  and  C  the  furthest  point  or  vertex.  GwiU 
says  *'  that  the  pressure  on  the  pier  is  inversely  proportional  to  the  square 
of  the  side  AC,  or  BC,  and  that  the  angle  at  C  ought  not  to  be  made  too 
acute,  lest  it  should  injure  navigation,  or  form  an  eddy  toward  the  pier. 
Aiutntents.  In  a  list  of  the  best  bridges,  we  find  the  abutment  at  the  top 
from  one-third  to  one-fifth  the  radius  of  curvature  at  the  crown  of  the  archi 

Molesworth  gives  the  following  concise  formula : 

/  /3  R\2  \%      3R 

T  =  thickness  of  abutments  =  I  6  R  +  (oh/    )     "  oH 

Here  R  =  rad.  at  crown  in  feet,  H  height  of  the  abutment  to  springing 
in  feet,  for  arches  whose  key  does  not  exceed  three  feet  in  depth. 

Example.     R  =  20  +  .  H  =  10. 

(120  +  9)^  =  11.36  from  which  take  3,  will  give  the  abutments  with- 
out  wing  walls  or  counterforts. 

Abutments, — To  counteract  the  tendency  to  overturn  an  abutment,  let 
the  arch  be  continued  through  the  abutment  to  the  solid  foundation,  or  by 
building,  so  as  to  form  a  horizontal  arch,  the  thrust  being  thrown  on  the 
wing  walls,  which  act  as  buttresses. 

2d, — By  joggling  the  courses  together  with  bed  dowel  joggles  so  as  to 
render  the  whole  abutment  one  solid  mass. 

310^.  The  depth  of  the  voussoirs  must  be  sufficient  to  include  the 
curve  of  equilibrium  between  the  intrados  and  extrados. 

The  voussoirs  to  increase  in  depth  from  the  key  to  the  spanging,  their 
joints  to  be  at  right  angles  to  the  tangents  of  their  respective  intersections 
and  curve  of  equilibrium. 

The  curve  of  equilibrium  varies  with  the  span  and  height  of  the  arch 
stones,  the  load  and  depth  of  voussoirs,  and  has  the  horizontal  thrust  the 
same  at  any  point  in  it. 

The  pressure  on  the  arch  stones  increase  from  the  crown  to  the  haunches. 

310jrl.  SKEW  .\RCHES. 

In  an  ordinary  rectangular  arch,  each  course  is  parallel  ta  the  abutments, 
and  the  inclination  of  any  bed-joint  with  the  horizon  will  be  the  same  at 
every  part  of  it.  In  a  skew  arch  this  is  not  possible.  The  courses  must 
be  laid  as  nearly  as  possible  at  right  angles  to  the  front  of  the  arch  and  at 
an  angle  with  the  abutments.  The  two  ends  of  any  course  will  then  be  at 
different  heights,  and  the  inclination  of  each  bed-joint  with  the  horizon 
will  increase  from  the  springing  to  the  crown,  causing  the  beds  to  be  wind- 
ing surfaces  instead  of  a  series  of  planes,  as  in  the  rectangular  arch.  The 
variation  in  the  inclination  of  the  bed-joints  is  called  the  thrust  of  the  beds, 
and  leads  to  many  different  problems  in  the  cutting.  See  Buck  on  Skrar 
Bridges. 

EAST   RIVER   BRIDGE,   NEW  YORK. 

310jr2.    Brooklyn  tower,  316  feet  high,  base  of  caisson,  102  x  16S  feet. 

New  York  tower,  349  feet  high,  base  of  caisson,  102  x  178  feet. 

The  Victoria  Bridge,  at  Montreal,  7000  feet  long,  one  span,  330  feet 
and  fourteen  of  242  feet,  built  in  six  years.  Cost,  $6,300,000.  Built  by 
Sir  Robert  Stephenson. 
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CoHcfeU  Bridges. — One  of  these  built  by  Mr.  Jackson  in  the  County  of 
Cork,  Ireland,  is  of  cement,  one  part  sand.  Clear  sharp  gravel,  six  to  eight 
parts.  Rammed  stones  in  the  piers.  He  also  built  skew  bridges  of  the 
same  materials. 

Mr.  McClure  built  one  18  feet  span,  %%  feet  rise,  and  \%,  feet  thick  at 
the  key,  and  2%  feet  at  the  springing.  Built  in  ten  hours,  with  fifteen 
laborers  and  one  carpenter.  Piers  are  of  stone,  centre  not  removed  for 
two  months.  Proportions  of  materials  used:  Portland  cement,  1,  sand, 
7  to  8,  40  per  cent  of  split  stone  can  be  safely  used  in  buildings,  and  25 
per  cent  in  bridges.  Stones  used  in  practice,  4  to  6  inches  apart.  Cottage 
Avails,  9  inches  thick.  Chimney  M'alls,  18  inches.  Partitions,  4  inches. 
Walls,  sometimes  18  feet  high  and  12  inches  thick.  Garden  walls,  % 
mile  long,  11  feet  high,  and  9  inches  thick.  Cisterns,  5  feet  deep  and. 
6x5  feet  9  inches  thick. 

Cost  of  one  cubic  yard  of  this  concrete  wall,  12  to  15  shillings,  at  3  to  4 
•dollars. 

310jr3.  These  kind  of  buildings  are  common  in  Sweden,  since  1828, 
and  built  in  many  towns  of  Pomerania,  where  its  durability  has  been 
tested.  It  is  applicable  to  moist  climates.  Where  sand  can  be  had  on  or 
near  the  premises,  walls  can  be  built  for  one-fourth  the  cost  of  brickwork. 
In  Sweden,  they  use  as  high  as  10  parts  of  sand  to  1  of  hydraulic  lime. 
The  lime  is  made  into  a  milk  of  lime,  then  3  parts  of  the  sand  is  added, 
and  mixed  in  a  pug-mill  made  for  that  purpose.  After  thus  being 
thoroughly  mixed  the  remainder  of  the  sand  is  added,  lliese  walls  resist 
the  cold  of  winter,  as  well  as  the  heat  of  summer. 

The  pug-mill  is  made  cylindrical,  in  which  on  an  axis  are  stirrers, 
moved  by  manual  labor,  or  horse  power,  as  in  a  threshing  machine.  One 
•of  these,  in  ordinary  cases,  will  mix  729  cubic  feet  in  one  day.  Let  us 
suppose  a  house,  40  feet  long,  20  feet  wide,  and  1  foot  thick.  Tliis  caissf 
will  mix  1  to  1  ^  toisf^  cubic,  per  day,  which  will  be  made  into  the  wall  by 
three  men,  making  the  wall  all  round,  6  feet  high,  moved  upwards  between 
upright  scaflfolding  poles.  There  is  a  moveable  frame,  stayed  at  proper 
•distances,  laid  on  tlie  wall  to  receive  the  beton  where  two  men  arc 
•employed  in  spreading  it. 

310LI-4.  TO  TEST   BUILDING  STONES. 

Take  a  cubic  2  inches  each  way,  boil  it  in  a  solution  of  sulphate  of  soda 
< Glauber  salts)  for  half  an  hour,  suspend  it  in  a  cold  cellar  over  a  pan  of 
•clear  sulphate  of  soda.     The  deposit  will  be  the  comparative  impurities. 

Rubble  work, — ^The  stones  not  squared. 

Coursed  work. — Stones  hammered  and  made  in  courses. 

Ashlar, — Each  stone  dressed  and  squared  to  given  dimensions. 

To  prevent  sliding. — Bed  dowels  are  sunk  one-half  inch  in  each,  made  of 
hardwood. 

Walls  faced  with  stone  and  lined  with  brick  are  liable  to  settle  on  the  in- 
side, therefore  set  the  brickwork  in  cement,  or  some  hard  and  quick  setting 
mortar.     The  stones  should  be  sizes  that  will  bond  with  the  brickwork. 

Bond  in  masonry  is  placing  the  stones  so  that  no  two  adjoining  joints 
are  above  or  below  a  given  point  will  be  in  the  same  line.  The  joints 
must  be  broken. 

Stones  laid  lengthways  are  called  stretchers,  and  those  laid  crossways, 
headers. 
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Brick  work. — English  bond  is  where  one  course  is  all  stretchers  and  the 
next  all  headers. 

F'iemish  bond  is  where  one  brick  is  laid  stretcher,  the  next  a  header  and 
in  every  coarse  a  header  and  stretcher  alternately. 

Tarred  hoop-iron  is  laid  in  the  mortar  joints  as  bonds. 

3iar5.     ANGLES  OF  ROOFS,  WITH  THE  HORIZONTAL. 


CITY. 


Carthagena»  .. 

Waples, 

Rome 

L^rons, 

Munich, 

Viena 

Paris, 

Fnwkfort, 

Brussels, 

London, 

Berlin, 

Dublin,  ...... 

Copenhaaen,  . 
St  Petersburgh 
Edinburgh,... 
Bergen 


COUNTRY. 


Spain, 

Italy, 

do    

France 

Germany,  . . . . 

Austria, 

France, 

Oo  the  Main, 

Belgium,    

England,   

Germany, 

Ireland 

Denmark, 

Russia,  

Scotland, 

Norway, 


N. 

Latitude. 

Plain  tiles. 

37*    32' 

24*     12' 

40     52 

20      12 

41     58 

27       0 

46     48 

30       0 

48       7 

31     48 

48       5 

32       0' 

48     52 

32     36 

50       8 

:»     48 

SO     52 

34     36. 

51     31 

35     24 

52     33 

m     36 

58     21 

'XI     48 

55     42 

40     48 

59  ¥40 

48     24 

55  .57 
60fr5 

41      12 

48     24 

Hollow 
tiles. 


16'  12' 
18   12 


19 
22 


0 
0 


23  48 

24  0 

24  36 

25  48 

26  :» 

27  24 

28  86 

29  48 

32  48 
40  24 

33  12 
40  24 


Roman 
tiles. 


W 
21 
22 
25 


12' 

12 

0 

0 


26  4S 

27  0 

27  »> 

28  48 

29  36 

30  24 

31  36 

32  48 
:»  4S 
43  24 
m  12 
43  24 


Slates. 


22'  12' 

24  12 

25  0 

28  0 

29  ^ 

30  0 
80  36 
83  48 

32  36 

33  24 

34  36 

35  48 

38  48 
46  24 

39  12 
46  24 


From  the  above  table,  we  see  that  the  elevation  of  the  roof  increases^ 
one  degree  for  every  ^ths  degree  of  latitude,  from  Carthagena  to  Bergen. 

Pressure  on  Roof.  For  weight  uf  roof,  snow,  and  pressure  of  ihe  wind, 
40  Its.  per  square  foot,  on  the  weather  side,  and  20  lbs.  on  the  other,  under 
150  feet  span.     Add  1  lb.  for  every  additional  10  feet. — Stoney^  p.  524. 

Greatest  pressure  of  wind  observed  in  Great  Britain  has  been  55  ttte.  per 
square  foot  —  0.382  lbs.  per  square  inch. 

310r6.  TRUSSED   BEAMS  AND   ROOFS. 

Let  AD  -  ^  =  half  the  span.  AB  =  tie-beam  resting  on  the  wall-plates 
CD  —  h  —  height  =  king-post.  AC  =  ^  =  length  of  principal  rafters,  10 
to  12  feet  asunder. 

Q  =  angle  BAC  =  angle  of  minimum  pressure  on  the  foot  of  the  rafter. 
Secant  of  the  angle  Q  =  /.     See  fig.  83  A. 

When  Q  =  35**  16',  the  pressure  Z'  is  a  minimum.  Moseley's  MechanicSy 
Sec.  302,  Eg.  395. 

Then  A  =  0*7072^  ]  Here  j  =  distance  between  each  pair  of  rafters. 

/  —  1  -2248^  ■•      ir    w  =  weight  of  each  square  foot  of  roof, 

ly  =  1*2248^  s  70    \  including  pressure  of  the  wind  and  snow,  ss 
determined  in  the  locality.     IV  •=  weight  on  each  rafter. 

310t7.  To  calculate  the  parts  of  a  common  Roof.  Let  a  —  sectional  area 
of  a  piece  of  timber,  d  =  its  breadth,  and  /  =  its  length,  s  =  span  of 
the  roof  in  feet.  /  =  -length  in  feet  of  that  part  of  the  tie-beam  supported 
by  the  queen-post. 

King-post,     a  —  Isx  0'12  for  fir,  and  a  —  Isx.  0"13  for  oak. 

Queen-post,     a  =  //  x  0*27  for  fir,  and  «  =  i^  x  0'32  for  oak. 

/ 
The  Beam,     d  — 


S~   ^1*47  for  fir. 


t^s 


Principal  rafters  with  a  king-post,  d  —-  —rr  x  0*96  for  fir. 


ti 


with  two  queen-posts,  d  — 


Hi 

b^ 
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Straining  Beam,     Its  depth  ought  to  be  to  its  thickness  as  10  to  7. 

</=  V'77>«"x0-9forfir. 
Struts  and  Braces,    d  =  V  I  f^  x  08  for  fir,  and  *  =  07  d. 
Purlins.  — d  =  4^  ^  v  for  fir,  or  multiply  by  1  "04  for  oak,  and  ^  =  0.6  ^. 

Common  itafters.     d  —  ^j-t'  x  0*72  for  fir,  or  0*74  for  oak. 

Two  inches  is  the  least  thickness  for  common  rafters,  therefore,  in  this 
case,  d  =  0*571  /  for  fir. 

310Lr8.  Lamenated  curched  beams  formed  of  plank  bent  round  a  mould 
to  the  required  curve  and  bolted  are  good  for  heavy  travel  and  great  speed. 

JETTIES. 

310jr9.  In  rivers,  at  and  near  their  outlets,  sand  bars  are  formed  w^here 
the  velocity  is  less  than  that  of  the  deep  water  on  either  side.  The  de- 
sired channel  is  marked  out,  and  two  rows  of  piles  are  driven  on  the  out- 
sides,  to  which  the  mattrasses  are  tied.  The  space  or  jetties  thus  piled 
are  filled  with  matrasses  made  of  fascines  of  brushwood,  bolted  by  wooden 
bolts  and  boards  on  the  top  and  bottom  of  each,  sloping  from  the  outside 
towards  the  channel. 

One  in  New  Orleans,  now  in  progress  of  construction  by  Capt  Kads, 
C  £.,  is  from  35  to  50  at  bottom,  and  S!2  to  25  at  the  top,  matrasses  3 
feet  thick.  From  3  to  6  layers  are  laid  on  one  another.  Mud  and  sand 
assist  to  fill  the  interstices.  They  are  loaded  with  loose  stones,  and  the 
top  covered  with  stone.  The  water  thus  confined  causes  a  current,  which 
removes  the  bars.  Drags  may  be  attached  to  a  boat  and  dragged  on  the 
bars,  which  will  assist  in  loosening  the  sand. 

The  mattrasses  are  built  on  frames  on  launchways  on  the  shore,  and  then 
floated  and  tied  to  the  piles. 

Jetties  may  be  from  10  feet  upwards,  according  to  the  location.  Those 
of  the  Delta,  at  the  mouth  of  the  Danube,  are  filled  with  stones. 

See  Hartley  on  the  Delta  of  the  Danube,  for  1873. 

General  Gilmore,  U.  S.  Engineer's  report  on  the  Jetty  System,  for  1876. 

General  Comstock's,  U.  S.  A.,  report  on  the  New  Orleans  South  Pass. 

310je9.  Excavations  for  Foundation,  measured  in  cubic  yards,  pit  meas- 
urement. Allow  6  inches  on  each  side  for  stone  and  brickwork,  and  no 
allowance  is  made  where  concrete  is  used.  Where  excavation  is  made  for 
water  or  gas  pipes,  slopes  of  1  to  4  is  allowed.  State  for  moving  away 
the  earth  not  required  for  backfiling,  the  distance  to  which  it  is  to  be 
moved,  and  inclination,  and  how  disposed  of,  whether  used  as  a  filling  or 
put  in  a  water  embankment.     This  done  for  first  proposed  estimate. 

Filling  is  measured  as  embankment  measurement,  for  the  allowances  for 
shrinkage  add  8  per  cent  for  earth  and  clay  when  laid  dry.  When  put  in 
water,  add  one-third.     Bog  stuff  will  shrink  one-fourth.     See  p.  210. 

lOO  cubic  feet  of  stone,  broken  so  as  to  pass  through  a  ring  1^  inch  in 
diameter,  will  increase  in  bulk  to 190  cubic  feet. 

Do         do         to  pass  through  a  2  inch  ring,   182    ti        n 

Do         do  M        II  2^        II         170    II        II 

Rubble  Masonry. — One  cubic  yard  requires  1  1-5  cubic  yards  of  stone 
and  1-4  cubic  yard  of  mortar.  Ashlar  masonry  requires  1-8  its  bulk  of 
mortar. 

All  contractors  ought  to  be  informed  that  when  they  haul  100  yds  from 
the  pit,  that  it  will  not  measure  the  same  in  the  "  fill "  or  embankment. 
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Isolated  Peirs  are  measured  solid,  to  which  add  50  per  cent. 

Brick  W<dls  are  measured  solid,  from  which  deduct  one-half  the  open- 
ings; then  reduce  to  the  standard  measurement^  for  example:  multiply  the 
cubic  feet  by  22},  and  divide  by  1000,  to  find  the  number  of  thousands  of 
bricks,  as  calculated  in  Chicago,  w^ere  the  brick  is  8  by  4  by  2  inches. 

NoTK. — One  mvist  observe  the  local  customs. 

The  English  standard  rod  is  lO^'xiefxlSi''  =  272  superficial  feet  of  the 
standard  thickness  of  1}  bricks  or  lul}"  =  306  cubic  feet.  100  cubic  feet 
brickwork  requires  41  imperial  gallons  of  water,  or  49  United  States  to 
slake  the  lime  and  mix  the  mortar.  When  the  wall  is  circular  and  under 
25  feet  radius,  take  the  outside  for  the  width.     Include  sills  under  6  inch. 

Cornices,  The  English  multiply  the  height  by  the  extreme  projection 
for  a  rectangular  wall. 

In  various  places  in  America,  the  height  of  the  cornice  is  added. 

Chimneys,  flues,  coppers,  ovens,  and  such  like,  are  measured  solid,  de- 
ducting half  the  opening  for  ash-pits  and  fireplaces. 

Three  inches  of  the  wall-plate  is  added  to  the  height  for  the  wall ;  this 
compensates  for  the  trouble  of  embedding  the  wall-plates. 

Stone  Walls,     Measured  as  above,  and  take  100  cubic  feet  per  cord  of 
stone  mason's  measurement.     The  cord  is  8x4  feet  by  4  feet,  or  12  >  cubic 
feet,  or  it  is  measured  in  cubic  feet.    The  surface  is  measured  by  the  super- 
ficial foot,  as  ashler  hammered  cut  stone,  and  entered  separate. 
-     Chimneys  are  measured  solid,  only  the  fireplaces  deducted  in  England. 

Slater's  Work,  Measured  by  the  square  of  100  feet.  Measure  from  the 
extreme  ends.  Allow  the  length  by  the  guage  for  the  bottom  course  or 
eve.  Deduct  openings;  but  add  6  inches  around  them;  also  6  inches  for 
valley  hips,  raking,  and  irregular  angles. 

Filling,  Measured  as  above.  Add  for  valleys,  12",  eaves,  4".  All 
cutting  hip,  etc.,  3  inches. 

A  Pantile  is  1/  J"  x  t  J"  x  J  inch,  weighs  5i  lb,  more  or  less,  1  sq.  =  897  B). 

A  Pantile  lOi"  x  6^'  x  §  inch,  weighs  2i  lb,         ..         ..         ..  =  1680  lb. 

Pantile  laths,  are  1  inch  thick  and  1)  inch  wide  and  10  feet  long. 

Plastering,  Render  two  coats  and  set.  Lime,  0*6  cubic  feet;  sand,  68 ; 
hair,  19  !b;  water,  2*7  imperial  gallons. 

Measure  from  top  of  baseboard  to  one-half  the  height  of  the  cornice; 
deduct  one-half  for  openings,  or  as  the  custom  may  be. 

Gutters  should  have  a  fall  of  1  inch  in  10  feet. 

Painting.  1  lb.  of  paint  will  cover  4  superficial  yards,  the  first  coat, 
and  about  6  yards  each  additional  coat.  About  1  lb  of  putty  for  stopping 
fevery  20  yards.  • 

1  gallon  of  tar  and  1  9^  of  pitch  cover  12  yards  first  coat,  and  about  17 
yards  the  second  coat. 

1  gallon  of  priming  color  will  cover  50  superficial  yards, 
ti  white  paint  n  41  n  n 

Other  paints  range  from  4i  to  50  n  n 

Take  where  the  brush  touched.  Keep  diflicult  and  ornamental  work 
separate.     Also,  the  cleaning  and  stopping  of  holes,  and  other  extras. 

Joiner's  Work.   Measured  as  solid  feet  or  squares  of  100  feet  superficial. 

Flooring  by  the  square  of  100  feet  superficial. 

Skirting,  per  lineal  foot,  allowing  for  passages  at  the  angles. 

Sashes  and  frames.  Take  out  side  dimensions,  add  1  inch  for  any  middle 
bar  in  double  sashes. 
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Engineers  and  architects  ought  talS^ountenance  draining  and  wasting 

sewage  into  rivers.     The  paving  of  streets  with  wooden  blocks,  which  is 

certainly  unhealthy,  causing  malarial  fevers.     MacAdam  stones,  heavily 

polled,  etc.,  or  stonb  blocks,*%re  better.     X^e  French  pavement,  now  used 

in  London,  is  the  best,  which  is  made  by  putting  a  coat  of  asphalt  2^  to 

inqhes  tAick,  on  a  bed  of  concrete  8  to  10  inches  thick. 

diiCAGo,  Oct.  15.  1878.  M.  McDERMOTT. 

SANITARY    HINTS. 

/  lUObrlO.  ^'he  surveyors  and  engineers  are  frequently  obliged  to  encamp 
where  they  encounter  mosquitoes  and  diseases  of  the  bowels. 

Oil  of  pennyroyal  around  the  neck,  face,  and  wrists. 

Apply  around  the  neck  and  face,  at  the  line  of  hair,  and  around  the 
wrists,  two  or  three  times  during  the  day  and  once  or  twice  at  night.  This 
is  a  pleasant  application  to  use,  but  disagreeable  to  the  mosquitoes.  We 
used  to  use  a  mixture  of  turpentine  and  hog's  fat  or  grease,  and  at  other 
times,  wear  a  veil ;  both  were  but  of  temporary  benefit ;  the  first,  was  a 
nuisance,  and  the  latter,  by  causing  too  much  perspiration,  was  unhealthy. 

Drinking  too  much  water  can  be  avoided  by  using  it  with  finely  ground 
oatmeal ;  by  using  this,  the  surveyor  and  engineer,  and  all  their  men  nsing^ 
it,  will  not  drink  one-fifth  as  much  water  as  if  they  did  not  use  it. 

DIARRHCEA. 

The  best  known  remedy  is  tincture  of  opium;  tinct  of  camphor;  tinct  of 
rhubarb;  tinct  of  capsicum  (Cayenne  pepper);  of  each  one  ounce.  Add, 
for  severe  griping  pains,  5  drops  of  oil  of  Anisee  to  each  dose. 

Dose. — 25  drops  in  a  little  sweetened  water,  every  hour  or  two,  till  re- 
lieved. Sometimes  we  put  a  little  tannic  acid,  which  is  a  powerful  astrin- 
gent.    Avoid  fresh  meat,  and  use  soda  crackers. 

To  escape  ChUls  ami  Fever,  use  quassi,  by  pouring  some  warm  water  on 
quassi  chips,  and  letting  it  stand  for  the  night.  Take  a  cupful  every  morn- 
ing. Never  allow  wet  clothes  to  dry  on  you,  if  it  can  possibly  be  avoided. 
Tannic  acid  and  glycerine  will  heal  sore  or  scald  feet. 

Wafers  applied  to  your  corns,  after  being  well  soaked  in  lye  water,  will 
cure  them.  Apply  the  wafer  after  being  moistened  on  the  tongue;  then 
apply  a  piece  of  linen  or  lint.  Repeat  this  again  when  it  falls  off,  in  two 
or  three  days,  and  it  will  remove  the  corn  and  the  pain  together. 

To  Disinfect  Gutters,  Servers,  etc.  Take  one  barrel  of  coarse  salt  and 
two  of  lime;  mix  them  thoroughly,  and  sprinkle  sparingly  where  required. 
This  acts  as  chloride  of  lime. 

To  Disinfect  Rooms  in  Bui/din^s.  Take,  for  an  ordinary  room,  half  an 
ounce  of  saltpetre;  put  on  a  plate  previously  heated,  on  this  pour  half  an 
ounce  of  sulphuric  acid  (oil  of  vitriol) ;  put  the  plate  and  contents  on  a 
heated  shovel,  and  walk  into  the  room  and  set  the  plate  on  some  bricks 
previously  heated.  This  destroys  instantaneously  every  smell,  enables  the 
nurse  to  go  to  the  bedside  of  any  putrid  body  and  remove  it.  Where 
there  is  sickness,  as  now  in  Memphis,  etc.,  it  causes  great  relief  to  the  sick 
and  protection  to  those  in  attendance.  This  is  Dr.  Smith's  disinfectant^ 
used  at  Gross  Isle,  Quarantine  Station,  below  Quebec,  Canada,  in  1848. 
We  have  used  it  on  many  occasions,  with  satisfactory  results,  since  then. 
Clothes  hung  in  a  well-closed  room  for  two  days,  and  subjected  to  this  on 
three  plates,  would  be  rendered  harmless. 

CnrcAGO,  23d  Sept.,  1878.  M.  McDERMOTT. 
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jnt  Oravilj/f/a  liquid.  Tie  tnnezed  U  a  snnW  bottle 
ttie,  which,  wteii  filled  to  the  cot  or  msrlva  b  on 
811.  Mall^  1»  any  snbstf  Tempar.ture  of  CO-  fthrenheit.  1000  gT.in.  of 
Inerlia  of  Malta-  is  that  T  -"■«■  •■"*  tbermometera  attsobrf  lo  tbem ;  but 
Motion  i>  th«  ooDBtint  o*wr«t«  to  h«Te  tbe  bottle  .nd  thermometer  on  the 
For«  ie  .  power  that  gffca  >>««  of  the  surrounding  »tmaaphere  and  l.qmd 
P<w  ia  th.  hodj  that  m5»m  «»  R^'»"-  ^ome  haTO  a  small  hole  through 
Waght  >.  the  body  acted  up";n'>d,  Ind  the  ann-lus  «t«r  allowed"  to  pass 
M<mmtvm  of  a  body  ig  the  praSuut  j-vb'B      Afc^j-^w-, . 

:n.tterinit.  -J -tf+'-Nrpt?  "^ 

0ran^  i»  the  force  by  which  bodiea  descend  to  the  centre  of  the  earth. 
Ceitlnfugai  Fore*  is  that  which  oanaes  a  body,  moying  Broand  a  centre, 
to  go  off  in  *  straight  line. 

CattT^ttal  Faro  is  that  which  tends  to  keep  the  body  moTing  around 
the  centre. 

Let  I>  B  represent  a  straight  line;        n  <;  a  8 

D,  C,  A  and  B,  giien  forces.  ■ ■ • 

If  D  aod  C  in  the  same  direction  act  on  A,  their  force  ^=  their  eum. 
If  O  and  B  in  the  same  line  act  on  A,  but  in  different  directions,  the 
eff'ect  of  their  force  will  equal  their  difference,  m  D  ~  B,  where  D  ia 
■apposed  the  greater. 

If  D  and  C  act  on  Ail 
one  direction,  and  B  ii 
the  other,  then  the  eff'ect 
=  D  +  C  —  B. 

When  the  forces  C  and 
B  act  on  A,  making  a 
giren  <  B  A  C,  the  sin- 
gle force  equal  to  both  is 
called  the  resqltaot. 

SauUant  of  the  forces  B  and  C  aotiDg  on  A  Is  ^  D;  or  by  n 
forces  B,  C  and  D  by  the  lines  A  B,  A  C,  A  D,  then  the  reeultant  in  the 
aboTe  will  be  tlie  diagonal  A  D,  and  A  B  and  A  C  are  Its  componenta. 

Compoiant  or  Compomnl  Forea  are  those  prodociug  the  rtaiUimU  ** 
A  B  and  A  C. 

AsctonpaCor  Ordmala  are  those  in  which  the  ^  B  A  C  ia  right  angled, 
or  when  a  force  acta  perpendicularly  to  the  plane  A  C  or  A  B. 

In  the  last  figure,  the  force  A  C  forces  A  in  a  direct  line  towards  a,  and 
the  force  A  B  forces  A  towards  b  in  the  same  line  ;  bat  when  both  forces 
act  at  the  same  time,  A  is  made  lo  move  in  A  D,  the  diagonal  of  the  paral- 
lelogram made  hy  the  forces  A  C  and  A  B,  by  making  C  D  =^  A  B,  and 
A  C  =  B  D. 

ParalUlogram  of  Foreet  is  that  id  which  A  B  and  A  C,  the  magnitudea 
of  farces  applied  to  the  body  A,  gives  the  diagonal  A  D  in  portion  and 
magnilDde.     The  diagonal  A  D  is  called  the  rttuUani,  or  resulting  force. 

BtampU.  The  force  A  B  =  300  lbs.,  the  force  A  C  =  100  Rm.,  the  angle 
BAC  =  right  angle.  Hsre  we  have  A  C  and  A  B  =  B  D  and  C  D;  .-. 
>/{AC'  +CD»)  =  AD;  t.<.,  »/(10000  +  90000)  = /(100000)  =  A  D 
=  3ie.23Iba. 

Otherwise,  A  D  =  (A  B»  +  A  C»  +  2  A  B  X  A  C  X  «»«■  <BAC)* 
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\inpaetTt  and  architeWs  ought  Lallj^ounteiiii' 
«cwage  into  rivers.     The  paving  of  street*  with 
certainl]r  unhealtb}',  caaiing  malarial  fevers.     ^ 
,    polled,  etc. ,  or  stonfc  bloclR,* Ve  belter.     "Che  I'f^ 

in  London,  19  the  best,  which  ia  made  by  putting?  ^^  860.65  tbt. 
JinehestBick.  onabedof  concretes  to  lOinche 'AD:  AB!:iine<  B  AC 
■^     tliiCAno,  Oct.  15,  1878.  _, 

taW'  Yf  "-vveyors  and  engi.  *■ 

Late  A,  B  A,,.fi^  A  b«  Cm  forces  in  magnitude.  We  find  tbe  re- 
sultant A  D  of  the  foieeaC  A  and  B  A;  then  betvMu  cbis  reault&nt  and 
th«  force  B  A  find  the  line  E  F,  the  rsqaired  reaalunt  of  the  three  forces; 
Uld  40  on  for  an;  other  number  of  forces.  By  drawing  a  plan  00  *  softle 
of  100  lbs.  to  the  inch,  we  will  find  the  required  foreea. 

Or,  let  OXandOTbe  tworeetangular  I  ' 
and  A  0,  B  O,  C  0  and  D  0  represent  foi 
and  a,  b,  0,  d  =  the  anglea  made  bj  tbe  fc 
A,  B,  C  and  D,  with  the  aila  OX.  Let  1 
snm  of  the  forces  acting  In  direction  of  utie ' 
and  I  the  sum  of  the  forces  acting  in  the  di 
tion  of  O  r  i  then  we  have  8  =  A  0  •  01 
+  BO.008.  b  +  CO-oos.  c-l-DO-W 
>  =  A  O  ■  sine  a  +  B  0  •  sine  b -f  C  0 .  si 
—  DO-  sine  d.     Semllsnt  =  v/(S*  + 1*, 

In  thiB  ease,  the  forces  are  aupposfd  to  move  inclined  to  the  axis  O  X, 
aa  well  a*  too  T. 

Ifote.  In  the  first  quadrant  X  0  T,  the  gines  and  coeinea  are  positive ; 
but  in  the  fourth  qosdranl  X  0  W,  the  einea  mait  be  negative. 

The  efi'eat  of  an;  force  acting  on  a  bod;  ie  in  proportion  to  the  corine 
of  ita  inclination. 

If  three  forces,  B,  C  and  D,  act  on  a  point  A,  ao  as  to  keep  it  in  equili- 
brinm,  each  of  theao  ia  proportional  to  the  sine  of  the  <  made  b;  tbB 
other  two.    (See  flg.  B.) 

Let  B  and  C  be  the  components  of  the  resnllant  D,  then 
D  :  C  : :  Bine  <  B  A  C  :  sine  <  B  A  D. 
D  :  B  : :  line  <  B  A  C  :  sine  <  C  A  D. 

If  we  represent  the  three  forces  meeting  in  A,  b;  tbe  three  oontiguoua 
edges  of  a  parallel opiped,  their  resultant  will  be  represented  in  magni- 
tude and  direction,  b;  the  diagonal  drawn  from  their  point  of  meeting  to 
the  opposite  angle  of  the  paralielopiped. 

If  fonr  forces  in  different  planes  act  upon  a  point  and  keep  it  in  eqatli- 
brinm,  these  four  forces  will  be  proportional  tc  the  three  edges  nnd  iling- 
onal  of  a  paralielopiped  formed  on  lines  respectivet;  parallel  to  the  direc- 
tions  of  the  forces. 

Polygon  e/  Fareti.  Let  0  A,  O  B,  0  C  and  0  D  in  fig.  B.  represent 
forces  in  position  and  magnitude.  From  A  draw  A  B  ^  and  parallel  to 
OB,  E  F  =  Md  parallel  to  0  C,  F  O  =  and  paraUel  to  0  D ;  then  the 
line  0  Q  ^  resuKant  in  magnitude  and  direction. 

The  aom  of  the  moments,  of  an;  number  of  forcee  acting  on  a  bod;, 
mnst  be  equal  to  sum  ol  the  moments  of  an;  number  of  foreea  acting 
in  opposite  direotiona,  so  aa  to  keep  the  bod;  from  being  overthrown. 
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;  Specific  Oravity-ofa  liquid.   TBe  annexed  is  a  small  bottle 

01  <>         All  u^j:«-  .  ^i^y  bottle,  which,  when  filled  to  the  cut  or  mar)»a  b  on 
812.       All  bodies  an         ,     - 

M  A     *th  th    SA    **         lemperature  of  60®  i'ahrenheit,  1000  grains  of 

--  *        .  .     .  .\me  bottles  ha^  thermometers  attach%f  to  them;  but 

Unifo™ir«^Te'leratrd^''°^  ^  ^""^^  ^^*  *'°"^®  ^""^  thermometer  on  the 
the  time  from  its  commeti!^®  ^^**  °^  ****  surrounding  atmosphere  and  liquid 

If  a  body  falls  through  a  ?^^  ^  «''*^''*-  ^°°*^  ***^^  *  ""*"  ^^^^  ^""^^K^ 
or  Telocity  which  woul^  oar' '']  ^^^^^  ^""^  ^^  ^^^P^'^^  "^"^  *"^^«^'  *<>  P*" 


ANALYSIS    OF  THB  MOTION   <i  ssl  to  t))^i^pty  b 


Tlin«  In  Moonds  from 
ft  state  of  raat 


1 

2 
8 
4 

6 

6 

etc. 

n 


OomparatiTe  iimums 

fUleri  through  in 

each  sncoessiTe 

■erond. 


I  h 

8  h 

6  h 

7  h 

9  h 

II  h 
etc. 

(2  n  —  1)  h 


^ 


OonMant  difference. 


Yelocltlea  acquired 
at  the  end  of  ilmee 
in  veeond  ooh^^  V. 


2  h 
4  h 
6  h 
8h 
10  h 
12  h 
etc. 
2nh 


r. 


GnmparativebetKhti 
fUIeii  through  from 
aitateofrert  — H. 


1  h 
4  h 
9  h 
16  h 
25  h 
86  h 
etc. 
n>h 


Here  h  =  half  the  initial  of  gravity,  being  half  the  velocity  acquired 
by  a  body  falling  in  vacuo  ai  the  end  of  the  first  second.  As  k,  the  initial 
of  gravity,  is  =  82.2,  .*.  h  =  16.1.  The  value  of  g  varies  with  the  lati- 
tude, but  the  above  is  near  enough. 

From  the  above,  we  find  that  by  putting  H  ^  total  height,  and 

V  =  the  acquired  velocity,  V  =  12  h  =  ^4  h  X  86  h  =  VTgW.     Here 
2  g  =  4  h.  ^ 

Let  V  =  10  h  =  |/(4  h  X  25  h)  =  i/2g  H  =  8.02  i/H,  etc. 

V  =  2  n  h  =  ^(4  h  X  n*  h)  =       do.   =        do. 

This  is  the  general  equation  for  the  velocities  of  bodies  moving  in  vacuo, 
from  which  it  appears  that 

Velodtist  artio  mu  another  as  tke  tquart  roots  of  thm  heights. 

Heights  are  to  one  another  as  the  squares  of  their  velocities.  But  as 
bodies  do  not  move  in  vacuo,  the  velocities  are  less  by  a  constant  quantity 
of  resistance,  which  we  put  =  m.  / 

Theoretical  Vdccity  =  8.02  V^F,  or  as  now  need  ==  8.08  V^El 

Actual  Velocity  =  8.03  m  i/H^  in  which  m  is  to  be  determined  by  ex- 
periments. 

To  find  the  velocity  of  a  stream  of  water.  Take  a  ball  of  wai,  two  inches 
in  diameter,  or  a  tin  sphere  partly  filled  with  water,  and  then  sealed,  so 
that  two-thirds  of  it  will  be  in  the  water.  Find  the  elapsed  time  f^om 
the  ball  passing  ftrom  one  given  point  to  another.  Repeat  the  measure- 
ments until  two  of  them  agree. 

Mean  velocity  is  in  the  middle  of  the  stream  and  at  half  its  depth. 

Let  V  =  surface,  and  v  ^  mean  velocity ;  then,  according  to  Prony, 
V  =  0.816  V  for  velocities  less  than  10  feet  per  second.  {See  Sequel  for 
Water  Works.) 

Composition  of  Motions  is  like  the  composition  of  forces,  and  the  same 
operations  may  be  performed.    If,  in  fig.  A,  last  page,  a  body  acting  on 
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-* '  %  .  ^^^  <ind  in  the  direction 

Engineers  and  architects  ought  to^ountena'  ^j^^  yaaXxA  forces  to 

,    *       sewage  into  riyers.     The  paving  of  streets  with 

certainly  unhealthy,  causing  malarial  fevers.     V  2 

.      j;oIIed,  etc.,  or  stonb  blocks,*%tre  better.     T^e  Y^ 

in  London,  is  the  best,  which  b  made  by  putting  r  -=  space  fallen  througli. 

/3  incj^es  thick,  on  a  bed  of  concrete  8  to  10  inches  ^    . 
diicAGo.  Oct.  15.  1878.  /      ">^°''«1'"«. 

,  „\j      d  10  seconds. 

i  SANITARY    IHN —    ».  * 

/  ^    4li*0»i^t  Y^  ^^weyors  and  et^i-  ^«ed  throfiigh  in  10  seconds. 
>  '     ""vJLet  C  A,  B  A,r^.  ;^  b«  Ur'  ♦ 

^>\y   Or,  h  ::^  A  -D  *^  *—  =  IC^O ;  or,  by  the  third  equation  for  S, 

(322)»  "     103684 

H  =  -i —  = =  1610, 

2  X  82.2         64.4 

When  the  velocity  begins  with  a  given  acquired  velocity  sts.  c, 

y  :=  0  -{-  t  g.     Here  c  is  constant  for  all  intervals. 

t»  g        c  +  V  ya  —  c« 

H  =  c  t  -{ =  ( — - — )  t  =       ■  for  accelerated  motion. 

2        ^     2    "^  2g 

When  the  motion  it  retarded,  and  begins  with  velocity  e, 

then  V  =^  c  —  t  g. 

t»g        c— V  c«— 1« 

H  =  ci ~  =  ( ).t  = 

2        ^     2     ^  2g 

V 

From  above  we  have  V  =  t  g ;  .  • .  t  =  — 

Also,  n  =  c  t ^.     Substituting  the  vAlue  of  t,  we  hare, 

H= 5«:_ 

2g»       2g 
V^  =  2  g  H ;  but  H  =  the  total  height  =  H;  ^ 

.-.  V  *=  V'2  g  H  =  8.02  VS  =  formula  for  free  descent 

H  = ,  and  by  putting  m  =  coefficient  or  constant  of  resistance,  we 

64.4 

ya 

find  V  =  m  T/2g  H,  and  H  == 

m*  X  2  g 

—  V* 

Actual  velocity  V  =  («.08  m  Vli)  and  H  ==  ( ^  all  in  feet. 

^  /  ^64.4  Xm*^ 

CBNTRB  or  GRAVITT. 

318.  Centre  of  Gravity  is  that  point  in  a  mass  which,  if  applied  to  a 
vertical  line,  would  keep  the  whole  body  or  mass  in  equilibrium. 

Jn  a  CircUy  the  centre  of  gravity  is  equal  to  the  centre  of  the  circle. 

In  a  Square  or  Parallelogram — where  the  diagonals  intersect  one  another. 

In  a  Triangle — where  lines  from  the  angles  to  the  middle  of  the  oppo* 
site  line  cut  one  another  (see  annexed  figure).  Where  C  H,  D  Q  and  B  P 
cut  one  another  in  the  same  point  F,  then  G  F  =  one-third  of  G  D,  and 
H  F  =  one-third  of  C  H.  Mence^  the  centre  of  gravity  of  a  triangle  is  at 
one-third  of  its  altitude. 

In  a  Trapezoid,  A  6  C  D,  let  E  F  be  perpendicular  to  A  B  and  C  D. 

EF      CD4-2  AB 

WhenEG= X ' »  let  E  F  =  h,  AB  =b,  and  C  D  =  c; 

8    '^  CD-I- AB  ' 


^ 


FtiBK  unt  Konoii.  "     '  72i 

ifindlht^tei)kOravils<ifalijtitd.   Tbe  aim eied  i«  fl  email  boit1« 

^''  IciGo  graTity  botll«,  vbich,  nbeo  filled  to  tbe  cat  or  lD*rl*a  b  on 

TVapetiu  con  tains.' at  the  Temperature  of  GO"  l^ibrenheit,  1000  grains  of 
be  the  givei^'er.  Some  bottles  faav«  tbermoueters  attaohad'  to  Ihem  ;  but 
B  and  C'  fioil  'ienti;  jacourate  to  hnye  the  bottle  and  thermometer  on  the 
KntTitr  E  of  the'''  ^if^  ^^^  bett  of  the  surroundiDg  atmoaphere  and  liquid 
also  the  centre '  '"'I'ai*  contain  500  grains.  Some  have  a  small  hole  through 
the  ^  C  B  D ;  ^'>^E  all^  '^  filled,  End  the  enrplns  «Mer  allowed'  to  pass 
letEF  =  86;«">PP<|ei 
A  A  C  B  =  l^TPoUd  that  of 
C  B  D  =  1500  ;  Spid,  as  1200 
+  1600:  1200:;  86  :  F  O  = 
in ;  and  la  genera]  figure, 
ABDC:ACTJ!:  FB:  FT. 

In  the  annexed  figure,  A  K  =  K  B,  C  Q  =  Q  B,  B  H  =  H  D,  and  T 
is  Che  required  centre  of  graTit/  of  A  R  D. 

Ltt  thi  fyiin  \at>e  thru  tnanifla,  as  A  B  L  D  C.  Find  the  centre  of 
gratity  N  of  the  ^  B  L  D ;  join  V  and  N ;  then,  ABLDC:/;iBLD  • 
: :  T  N  :  T  S.  Hence,  S  ~  required  centre  of  gravity  of  A  B  L  D  C. 
Points  E,  F,  H,  are  the  oentres  of  the  inscribed  circles.  By  laying  down 
ft  plan  of  tbe  giren  figure  on  a  large  scale,  irs  can  find  the  areas  and  lines 
E  T  and  Y  3,  etc.,  sufficiently  near. 

Odunritt,  by  Conttruction. 
A  B  C  D  be  the  required  figure.  | 
Dt&v  the  diagonals  A  D  and  C  B  ;  I 
blaect  B  C  in  F ;  make  D  E  =  A  G ;  | 
join  F  O,  and  make  F  E  = 
third  of  F  Q ;  then  the  point  E  Till  | 
be  the  required  centre  of  gravity. 

Com  BT  pyramid  bas  its  eealre  of 
gTKTity  at  one-tourlb  its  height. 

Fruiirum  of  a  Com  has  its  centre 
of  graTJty  on  the  axis,  measured  from  the  centre  of  the  lesser  end,"! 
h,8  B"  +  2Rr  +  ri 


the  distance  -( — 


—).     Here  E  ^  radius  of  the  greater  end. 


=  greater  side, 


r  +  r»   ' 
and  r  =  that  of  the  lesser ;  h  =  height  of  the  frustmm. 

Fnutnan  of  a  Pyramid,  tbe  same  as  above,  putting  S  = 
instead  of  B,  and  ■  ^  lesser  side,  instead  of  r. 

In  a  Circular  SegmtiU,  hsTing  the  chord  b,  height  h,  and  area  A,  giTen. 
Distance  from  the  centre  of  the  circle  to  the  centre  of  gravity  on  h  = 
1    b  » 

In  a  Cirealar  Steior  CAB,  there 
•re  given  the  arc  A  D  B,  the  angle 
A  C  B,  A  B  and  thb  aro  A  D  B  can 
be  found  by  tab.  1  and  5.  the  radius 
C  D  bisecting  the  are  A  D  B,  and 
putting  a  =  centre  of  gravity, 
then  its  distance  traia  the  centre 


72B144      .  sjlliTAlflPnrN  Ts:ro»- 

■  '  '  •  ^  "  -/    . 

Engineers  and  architects  ought  ta'^liicountena'  "^  th«' uaite    -     a  r 
,    •       sewage  into  riycrs.     The  paving  of  streeU  with  *'"'* 

certainly  unhealthy,  causing  malarial  fevers.     V  ^  Z^ 9!^^ 

^  polled,  etc.,  or  stonfe  blodrs^Ve  better.     Xhe  F#^         '  *     •   .  =  ^^-^l- 
in  London,  is  the  best,  which  is  made  by  putting?  ==8pac» 
-S  in<;bes  thick,  on  a  bed  of  concrete  8  to  10  inches  A  *^ 

'        ^     dfiCACo,  Oct.  15,  1878.  /       ^J^nc^*  ^0.4244  r  from 

»  .  u      «f  *     Vcom 

J  SANITARY    IMN —    - 

/  .  ..^H^i^ft-,  'ir  ■  >Hr\'eyors  and  erigi  ^^ejVt**^^  ^'  ^  =J0  eeco^^* 

'^-  .'  y=  if'and  b,  and  W=^aiu»  C  A  =  R,  and  radius  C  i     ,r,  and  C  O  = 

4    Bin.  )  0      R»— r» 

-• •(— -).     Here  0  =  angU  A  C  B. 

o         c  Ji*— r* 
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CmXrt  of  Oraviiy  of  SoluU, 

814.  Triangular  Pyramid  or  Cone.  The  point  G,  or  oentr^  of  graTitj^ 
ifl  at  three-fourths  of  its  height  measured  from  the  yertez. 

Wedjfe  or  Priim,  The  point  G  is  in  the  middle  of  the  line  joining  the 
centres  of  gravity  of  both  ends. 

In  a  Conic  Fnuirumf  the  distance  of  G  from  the  lesser  end  is  equal  to 

h,8  Ra  -f  2  R  r  -}-  r^ 

V     Here  R  =  radius  of  greatef  base,  and  r  =  that 


4^    1 


of  the  leisser. 

7m  a  Frustrum  of  a  Pyramid^  the  above  formula  will  answer,  by  putting 
R  for  the  greater  side  and  r  for  the  lesser  side  of  the  triangular  bases. 
The  value  will  be  the  length  from  lesser  end. 

In  any  Polyhedron^  the  centre  of  gravity  is  the  same  as  that  of  its  in- 
scribed or  circumsoribed  spBere. 

In  a  Paraholoidy  the  point  G  is  at  }  height  from  the  vertex. 

,      ^  h   2R«-|-r* 

In  a  Pruttrum  of  do.    The  distance  of  G  from  lesser  end  =  -  ( —  )- 

8  ^  Ra  -f  r^  ' 

In  a  Prixmoid  or  Ungula,  the  point  G  is  at  the  same  distance  from  the 
base  as  the  trap^soid  or  triangle,  which  is  a  right  section  of  them. 

In  a  ffemitphere,  the  distance  of  the  centre  of  gravity  is  three-eighths  of 
the  radius  from  the  centre. 

In  a  Spherical  Segment^  the  point  G,  from  the  centre  of  the  sphere  = 

8.1416  h^  h* 

(  r  — 'J-).     Here  h  =  height,  and  S  =  solidity. 

SP^OiriO  OKATZTT  AND  DSK8ITT. 

816.  Specific  Oravity  denotes  the  weight  of  a  body  as  compared  with  an 
equal  bulk  of  another  body,  taken  as  a  standard. 

Standard  weight  of  solids  and  liquids  is  distilled  water,  at  80^  Fahren- 
heit or  15^  Centragrade.  At  this  temperature,  one  cubic  foot  of  distilled 
water  weighs  1000  ounces,  avoirdupois. 

When  1  cubic  foot  of  water,  as  above,  weighs  1000  ounces, 

1  cubic  foot  of  platinum  weighs  21500      " 

That  is,  when  the  specific  weight  of  water  =  1,- 

then  the  specific  weight  of  platinum  =  21.6.  . 

One  cubic  foot  of  potassium  weighs  866      ** 

.  * .  its  specific  gcavSty,  compared  with  water,  =        0.866. 
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81 6.  9V>  find  the  Specific  Qravity  of  a  liquid.  TB  e  annexed  is  a  small  bottle 
ealled  specific  gravity  bottle,  which,  when  filled  to  the  cut  or  niarl»a  b  on 
the  neck,  contains,' at  the  temperature  of  60^  Fahrenheit,  1000  grains  of 
distilled  water.  Some  bottles  ha^  thermometers  attach%f  to  them ;  but 
it  will  be  sufficiently /Accurate  to  have  the  bottle  and  thermometer  on  the 
same  %^ble,  and  itise  the  heat  of  the  surrounding  atmosphere  and  liquid 
to  60^.  Some  bottles  contain  500  grains.  Some  have  a  small  hole  through 
the  stopper.  **  The  bottle  is  filled,  Snd  the  surplus  mfiAm  allowed'  to  pass 
through  the  stopper. 

C  it  a  Cm^crpoiie^  that  is,  a  weight  ^ssi  to  the  empty  bottle  and  stopper. 

To  find  the  Specific  Gravity^  Fill  the  bottle  with  the  liquid  up  to  the* 
mark  a  b  (which  appear  curved),  and  put  in  the  stopper.  Put  the  bottle 
BOW  filled  into  one  scale,  and  the  counterpoise  and  necessary  weight  in 
the  other.  When  the  scales  are  fairly  balanced,  remove  the  counterpoise. 
Let  the  remaining  weight  be  1269  grains;  then  the  specific  gravity  ss 
1.269,  which  is  that  of  hydrochloric  or  muriatic  acid.. 

Dennty  of  a  body  is  the  mate  or  quantity  compared  with  a  given  standard. 
Thus,  platinum  is  21}  times  more  dense  than  water,  and  water  is  more 
dense  than  alcohol  or  wood. 

Biydrometer  is  s  simple  instrument,  invented  by  Archimedes,  of  great 
antiquity  (800  B.  C),  for  finding  the  specific  gravity  of  liquids;  It  can 
be  seen  in  every  drug  store.  See  the  annexed  figure,  where  A  is  a  long, 
narrow  jar,  to  contain  the  liquid ;  B,  a  vessel  of  glass,  having  a  weight 
in  th«  bulb  and  the  stem  graduated  from  top  downward  to  100.  The 
weight  is  such  that  when  the  instrument  is  immersed  in  distilled  water  at 
60®  Fahrenheit,  it  will  sink  to  the  mark  or  degree  100.    . 

EtampU,  In  liquid  L  the  instrument  reads  70®.  This  shows  that  70 
▼Glumes  of  the  liquid  L  is  =  to  100  volumes  of  the  standard,  distiller) 
irater;  .-.  70  :  100  ::  1  :  1.428  =  specific  gravity  of  L.  • 

The  property  of  this)  instrument  is,  that  it  sustains  a  pressure  f^om 
helow  upwards  =  to  the  weight  of  the  volume  of  thb  liquid  displaced  by 
such  body.  Those  generally  used  have  a  weight  in  the  bulb  and  the  stem 
graduated,  and  are  named  after  their  makecs,  as  Baume,  Carties,  Gay 
Lussac,  Twaddle,  etc.  Syke*s  and  Dica's  have  moveable  weights  and 
graduated  scales. 

To  find  the  Specific  Gravity  by  Twaddle's  Hydrometer.  Multiply  the  de- 
grees of  Twaddle  by  5 ;  to  the  product  add  1000 ;  from'  the  sum  cut  off 
three  figures  to  the  right.     The  result  will  be  the  specific  griivity. 

Example,  Let  10®  =  Twaddle;  then  10  X  6  +  1000  ==  1.060  = 
•pecific  gravity.  . 

817.  To  find  the  Specific  Gravity  of  a  solid,  S.     Let  S  be  weighed  in  air, 

and  its  weight  =W.   Let  it  be  weighed  in  water,  and  its  weight  =  w.   Then 

W  —  w  =  weight  of  distilled  water  displaced  by  the  solid  S.     Then 

W 
Yf ^  =  specific  gravity. 

Rule,  Divide  the  weight  in  the  air  by  the  difference  between  the  weight 
in  air  and  in  water.     The  quotient  will  be  the  specific  gravity. 

Let  a  piece  of  lead  weigh  in  air  =  898    grains, 

and  suspended  by  a  htir  in  distilled  water  =  362.4     ** 

Difference  ss  85.6 

This  difference  divided  into  898,  gives  specific  gravity  =  11.176,  because 
85.6  :  1 ::  898  :  11.176  =  specific  gravity  of  the  lead. 


I 
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818.     To  find  the  Specific  Gravity  of  a  body  lighttr  than  wetter. 

Example,     A  piece  of  wax  weighs  in  air  =  B  =  188.7  grams. 

Attached  to  a  piece  of  brass,  the  whole  weight  in  air  =  C  =  183.7 
Immersed  in  water,  the  compound  weighs  =  c  =  88.8 

Weight  of  water  =  in  balk  to  brass  and  wax  :=  C  —  c  =^     144.9 

Weight  of  brass  in  air  =  W  c=  50 

**  "in  water  =s  it  »»  44.4 

Weight  of  equal  bulk  of  water  =  W  —  ir  =»  5.6 

B«lk  of  water  =  to  wax  and  brass  =  C  —  o  »>  144.9 

"  ««      s=  to  brass  alone  =*  W  —  w  »=»  5.6 


<«  •< 


=  to  wax  alone  =  C  —  c  —  (W  —  ff)«=       189.8 
That  is,  C  —  c-fw  —  W  =  189.3. 

B:C  —  c-j-w  —  W::  specific  gravity  of  body  :  specific  gravity  of 
water.    That  is, 

W:C  —  c  +  w  —  W:  specific  gravity  of  body  :  1. 

B  188.7 

Specific  gravis  of  body  = « a=  0.9598. 

*^  *       ^  ^       C  — c  +  w  — W      1898 

The  above  example  is  from  Fowne's  Chemistry ;  the  formula  is  ours. 

819.  To  determine  the  Specific  Gravity  ofapotcder  or  particle*  iruoliU^le  m 
water.  Put  100  grains  of  it  into  a  specific  gravity  bottle  which  holds  1000 
grains  of  distilled  water ;  then  fill  the  bottle  with  water  to  the  established 
mark,  and  weigh  it ;  from  which  weight  deduct  100,  the  weight  of  the  pow- 
der. The  remainder  =  weight  of  water  in  the  bottle.  This  taken  from 
1000,  leaves  a  difference  =  to  a  volume  of  water  equal  to  the  powder  intro- 
duced. 

Example,     In  specific  gravity  bottle  put  B  =  100  grains. 

Filled  with  water,  the  contents  =  C  =  1060 

Deduct  100  from  1060,  leaves  weight  of  water  =  C  —  B  =»      960 
This  last  sum  taken  from  1000,  leaves  1000  —  C  -f  B  =  40 

Which  is  =  to  a  volume  of  water  =  to  the  powder. 

B 

40  :  1.  : :  100  :  2.6  =  required  specific  gravity  »= 

f  6        ^       lOOO-f-B  —  C 

To  find  the  Specific  Gravity  of  a  powder  toluble  in  water.  Into  the  specific 
gravity  bottle  introduce  100  grains  of  the  substance  soluble  in  water ;  then 
fill  the  bottle  with  oil  of  turpentine,  olive  oil,  or  spirits  of  wine,  or  any- 
other  liquid  which  will  not  dissolve  the  powder,  and  whose  specific  gravity 
is  given ;  weigh  the  contents,  from  which  deduct  100  grains.  The  re- 
mainder =  the  weight  of  liquid  in  the  bottle,  which  taken  from  100(^ 
leaves  the  weight  of  the  liquid  ^  to  the  bulk  of  the  powder  introduced. 

Example,  In  specific  gravity  bottle  put  of  the  powder  =  100  grains. 
Fill  with  oil  of  turpentine,  whose  specific  gravity  :s=  0.874 

Found  the  weight  of  the  contents  890 

890  ->  100  =  weight  of  oil  of  turpentine  in  bottle  »  790 

which  has  not  been  displaced  by  the  powder. 

But  the  bottle  holds  874  grains,  .-.  874  —  790  =  84 

That  is,  84  is  the  weight  of  a  volume  of  the  oil,  which  is  equal  to  the  vol- 
ume of  powder  introduced.     Consequently, 

874  :  1000  : :  84  :  96.1  =  weight  of  water  ^  to  the  volume  of  powder 
introduced.  And  again,  as  96.1  :  100  ::  1 :  1.04  =s  required  speciflc 
gravity. 
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81Be.    Xiwn  w«  dtiier  stnught  or  bent,  and  an  of  thrM  kinds. 

UTIKS   COirBtl>Ka*I>  WITBOVT  WIiaBC. 

£<Hr  of  Iht  faM  tmd  l»  wh«D  the  poirtr,  P.  and  wtifcht,  V,  are  oa  op- 
podte  iidM  of  tbe  nilcrum,  F.    Theo  P :  W : :  A  P  :  B  F,  >hieh  ia  tnt*  for 
tb<  tbr«c  kindi  of  1«Tcr«,  wi,  trom  which  we  fiod  F  X  B  P  =  W  X  A  F. 
WX*P  PXB_F 

BP    ■  AP  ^  •      ■^ 

.,=!LXAJ,„diP=IxiZ. 

P  W 

£«nr  •/  lAt  ttcond  kind  b  wheo  the  weight  it  between  the  ftdemm  and 
tbe  |M>irer,  {Pig.  II.)    Then  P  :  W  :;  APtoB  P,  u  abare. 

£««r  <i/  th4  Mrd  kiiui  (Pig.  III.)  U  when  the  power  ii  hetween  tb*  fal- 
cmiD  and  the  weight     Then  P  :  W  : :  A  P  :  B  F,  ae  eboTe. 

Henoe,  we  bare  the  general  rale :  Tht  power  it  to  llu  Mnigkt  at  At  dw- 
tanet  from  lA<  wtifflii  to  the  /vlemtt,  it  fi),  thi  Attanct  from  tht  peietr  lo  tit 

IttahaU  Itttr  <F1g.  IV.),  Inetead  of  the  dlelanee*  A  F  and  P  B,  we  h»T» 
to  oie  F  a  and  P  b.  Then  PiWijPaiFbi  or,  P:W::FAX«>a. 
<APa:PBXooi.  <BFb. 

Let  P  A  B  W  repreeent  a  le*er  (e««  Pig.  T.)  Produce  P  A  and  W  B  to 
meet  la  C.  Now  the  foreet  P  and  W  tot  on  C ;  their  resultant  ia  C  B, 
pM^g  throngfa  the  fulernm  at  P. 

LMAF  =  a,BP  =  b,  <PAB  =  n,  and<ABW=Bi.    Then 

P:  W::bBin.  <tn:a«in.  <n; 

And  P  •  a  iin.  n  =  W  •  b  aine  m. 


Unai   BATIBO  WSIOBT. 

SIM.  Wkai  tkt  ttvtr  u  nfli*  tame  uniform  liu  and  %KiglU.  Let  A  B  =3 
a  lever  whose  weight  Is  w.  (Fig.  Vl.) 

Cat*  1.  Let  the  oentre  of  graTitj,  f,  be  between  the  falernin,  F,  and 
power,  P ;  then  we  have,  bj  patting  Pr  =  d;W.AP  =  P.BP  -{-dw, 
W.AP~dw        ,  P-BP+dw 

f gr—'"^""     AP    • 
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Catt  2.  Whsn  the  eaatn  of  gnTlqr,  f,  li  between  die  ftilaiun  wd  die 
weight 

Then  W.AF  +  dw=:P>BF. 

p.BF  — dw       ,  W.AF  +  dw 

W  =  -— ,  kDd  P  =  —^ , 

A  F  BF 

BxampU  ffom  Bakei't  Sta^a.  Let  the  kn^  of  the  leTer  =:  8  hel, 
A  P  =  8;  .-.  B  F  =  6,  its  weight  =  4  tat.,  aod  W  enipeoded  »t  A  = 
100  B«.  Beqoired  the  weight  P  nupended  kt  B,  the  be«m  belag  onifonn 
in  all  reipectt.  We  h«Te  the  centre  of  graTJIj,  »,  =  4  het  from  A,  ud 
ftt  1  foot  from  7  lowarde  P.     Then,  bj  cue  1, 

W.AP  — dw      100-8—1X4      800  —  4 
P J^— = J j-=S9W.ta. 


8I9«.  Carriage  vhta  mttUag  an  ehttnKlim  (eee  Fig.  Vll.j'i*  &  leter  of 
the  Bret  kind,  irhere  th«  wheal  must  moTe  rannd  C. 

Let  D  W  C  =  ft  wheel  whose  ndiiu  =  r.lomd  =  »  b  o  d  ="».  The 
UKle  of  dnnght,  P  Q  W,  =  a,  ud  C,  the  obetrnation,  whose  height  =  h. 

Let  C  n  end  C  m  b«  dnwn  at  right  angles,  to  0  W  and  0  P.  Then 
C  m  represents  the  power,  and  C  n  the  weight ;  than  F  :  W  :  i  G  n  :  C  n 
:  ein«  <  C  0  a  :  sine  C  0  m. 

I>W=2r;  .-.00  =  21  — h;  and  bj  EnoUd,  B.  2,  prop.  6, 

(2  r  -  h) .  h  +  0  n»  =  C  0». 

(2rh  — h»)l  =  /(CO'— ON»)  =  CBi  .-. 
C  D       v'(2rh  — h») 

8ineC0n=r  — =^--^ -'  =  Cm. 

When  the  line  of  drftoght  is  parailel  to  the  road,  then  Qm^=r  —  b. 
Prom  tbia  we  hare  P  :  W  ; :  V'lirh  — h»  :  r  —  h, 
i/(2rb  — h') 
And  P  =  W  .  !-i — ■'.     A  general  formnla. 

Example.  A  loaded  wagon,  bftTiog  ft  loftd  of  3200  Iba.,  weight  of  wagon 
BOO,  meita  s  horse-rftllnftd,  whose  rails  are  S  inches  aboTo  the  street,  the 
diameter  of  the  wheel  being  60  inohes.  Beqaire  the  reaistanee  or  neeee- 
eaiT  force  to  orereome  this  otistaole. 

Totftl  weight  of  wagon  and  load,  4000  lbs.    Weight  on  one  wheel,  2000. 

.-.  P  =  2000  X  '^^Xa— 8  _  ggg^  J  j^^     ^jj^^    ^    ^j^j    y^^^  ^^^ 

^      80  —a 
the  force  of  a  horse  drawing  horiionlally  hum  a  itate  of  rest. 

Hence  appears  the  injustice  of  ponishlDg  a  man  becanse  he  cannot  leaTo 
ft  horse-railroad  track  at  the  sound  of  ft  bell,  and  the  nectseit;  of  the 
local  autboritlei  obliging  the  raUread  companies  to  keep  their  rnU  Itiel 
wilh  the  street  or  rood. 
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Of  tA«  /iiettiMi  PtofM. 

819/.  Lei  tlie  base,  A  B,  =  b,  height^  B  G,  =  h,  ud  lengtli,  A  C,  =  L 
The  line  of  treotion  or  dniiight  must  be  either  pursUel  to  the  base,  A  B, 
M  W  P^  partllel  to  the  slant,  or  the  inclined  plane,  as  W  P,  or  make  as 
angle  a  with  the  line  C  W,  W  being  a  point  on  the  plane  where  the  centre 
of  pressure  of  the  load  acts. 

Wkm  ikt  powtr  P^  aeUparaUd  to  tiu  batt,  we  haT»— 

P^:  W::  BG:  B  A::  h:b;  or, 

P^:  W::  sine  < B  A  G  :  8ine<  AGB. 

W.h  P'b 

P'  =  -— ,  and  W  = . 

b  h 

h=— ,«ldb=-p. 

When  the  Um  of  traction  UpardUd  to  the  $laiU* 
P  :  W ::  h  :  1;  henoe,  we  haje  P 1  =  W  h, 
PI  Wh 

W  =  _,P:==_, 

When  the  line  (^traction  maket  an  angle  a  wkh  the  elemty  then 

P^^:  W  ::  sine  <  B  A  P''  :  cos.  <  P'^  W  G,  from  which,  by  altenui- 
tion  and  InTorsion,  we  can  find  either  quantity. 

ExampU.  W  =  20000  lbs.,  <  B  A  C  =  6^  <  P/'  W  G  =  4?".  B^ 
quired  the  sustaining  power,  PV. 

sine  BAP''      W  sine  B  A  P  sine  4«      _    .06976 

"" '     P''  W  0     "  coe.<P''W  C  "^      *  COS.  e^  ""     '  .99462 
1896.2 


.99462 


=  1418  lbs. 


Of  ike  WheaandAxU. 


819^.  When  the  axle  passes  throngh  the  centre  of  the  wheel  at  right 
angles  to  its  plane,  and  that  a  weight,  W,  is  applied  to  the  axle,  and  the 
power,  P,  applied  to  the  dronmference,  there  will  be  an  equilibrinm, 
when  the  power  is  to  the  weight  as  the  radius  of  the  axle  is  to  the  radius 
of  the  wheel.  Let  B  =  radios  of  the  wheel,  and  r  =  radius  of  the  axle, 
both  including  the  thickness  of  the  rope ;  then  we  haTO 

P  :  W  : :  r  :  B ;  from  which  we  haye 

,^      Wr       ,  PR 

P  R  =  W  r,  and  P  =  — -,  and  W  = .  (A.) 

R  r  ^ 

Wr       ,         PR 
R  =  — ,  and  r  =  —-. 
P  W 

Con^Mnind  Azle  is  that  which  has  one  part  of  a  less  radios  than  the 
other.  A  rope  and  pulley  is  so  anranged  that  in  raising  the  weight,  W, 
the  rope  is  made  to  coil  on  the  thickest  part,  and  to  oncoil  from  the  thin- 
ner.   An  equilibrium  will  take  place,  when  2  P  •  D  -=  W  (R  —  r). 

D  =  distance  of  power  from  the  centre  of  motion.  R  =  radius  of 
thicker  part  of  axis,  and  r  =  that  of  the  thinner. 

819A.  Toothed  Wheele  and  AxUe  or  Pmione.  Let  a,  b  and  e  be  three 
axles  or  pinions,  and  A,  B  and  G,  three  wheels. 

The  number  of  teeth  in  wheels  are  to  one  another  as  their  radii. 

P:W::abc:ABG:  that  is,  the  power  is  to  the  weight  as  the  product  of 
all  the  radii  of  the  pinions  is  to  the  product  of  all  the  radii  of  the  wheels. 
Or,  P  is  to  W,  as  the  product  of  all  the  teeth  in  the  pinions  is  to  the 
product  of  all  the  teeth  in  the  wheels.  (B.) 

Example  1.    A  weight  2000  lbs.  is  sustained  by  a  rope  2  inches  In 

diameter,  going  round  an  axle  6  inches  in  diameter,  the  diameter  of  the 

wheel  being  8  feet 

Wr 
From  formula  A,  P  =  --—; 

R 


2000  V  4 
Th»t «,  P  =  — j^  =  163.29  Iba. 

.Kcanfila  2.  In  ft  oombinstioD  of  whaels  and  ftiles  there  ar«  given  the 
radii  of  three  pinioDs,  4,  6  and  8  inchea,  and  the  rulii  of  the  correapond* 
ing  irheelB,  20,  SO  uid  40  inches.  WhM  weight  will  P  ^  100  Qib.  anitkiu 
kt  the  oiniamferenoe  of  the  axle  or  iut  pinion. 

Bj format* B,    PABC  =  Wabo. 

PABC^10QX20XSOX40^^^ 

"-   Wabo  4X6X8  ''^"* 

Of  At  Wtigt.     (Fig.  IX.) 

819l  The  power  of  the  wedge  tnereaMa  u  ita  angie  is  aenta.  In  toola 
for  aplitclng  wood,  the  <  A  C  B  —  80°,  for  outUng  iron,  W,  ud  for 
bnH,60°. 

P:  W::  AB:  AC;  or, 

P:  W:;2aineACB:l. 

Of  At  PulU}/.    (See  next  ^.) 

819r-    "Hie  poll*;  ia  either  flied  or  moTSable. 

in  afiudpuUty  (Fig.  I.),  the  power  {■  eqoal  to  the  wdghL 

/n  a  tingU  mavtable  pvlitg  (Fig.  II.V  the  rtnie  ia  mada  to  paaa  nudar  the 
lower  pnllej  and  over  the  upper  fliea  one.     Then  we  hnTe  P  :  W  ; :  1  :  3. 

When  the  apper  block  or  ahesTe  renuina  fixed,  and  a  ilDgle  rope  ia  mads 
to  paw  OTer  aeTcral  pnUays  (Fig.  IT.) — for  example,  n  pdlaya — then 

P:W::l:n,aDdPn=sW,  andP  =  '-,ao  that  whan  n  =  6,  the 

power  will  ba  one-aiith  of  the  weight 

Whan  there  are  eereral  pnlleja,  eaoh  hanging  bj  ita  own  oord,  aa  in 
Kg.  in.,   P;  W::  1  r2i.. 

Hera  n  danotea  tha  nnmber  of  pnlleja. 

BittB^U.  Lat  W  =  1600  tbe.,  n  =  4  pnlleya.  TheiiPX2*=Wj 
that  Ib,  P  X  18  =  1800,  and  P  =  100  Ibe. 


SlSi.  Let  L  D  ^  diatance  between  the  tbreada,  and  r  =:  radina  of  th« 
power  from  tlie  oantre  cf  the  aorew.    Than 

P:W::d:6.28S2r. 

P  r  X  8-2832  =  W  D. 

^  _  P  r  X  fl  2882   ^j  Wd 

d  '"^  6.2832  r 

Ezar^U.  Qlren  the  diatanoe,  TO  inohes,  Rrom  tha  oantre  of  the  aerew 
to  a  point  on  an  iron  bar  at  whiob  he  eierta  a  power  of  200,  the  diitaoe* 
between  the  ocDti|nioaa  ttireada  2  inohes,  to  find  the  wd^t  whiob  be  ean 
niae.    Her*  r  «  70,  d  —  2,  and  P  —  200  Dm. 

w. 200X70X6^, ^„,,^ 


KBOHAaiOAL  PORU. 


TUTtTAL  TBLOOm. 


mm.    l»at  Law,  P  :  W  : !  TelooUj  of  W  :  relocitj  of  P. 

/«  (Ac  Inelmai  Plant,  tbI.  P  :  t«I.  W  : :  dUUnoo  drawn  on  the  plu»  ; 
Uio  height  r^Kd  in  tha  wns  Bins. 

Let  the  weight  W  be  moTcd  trom  W  to  e,  and  r^eed  ttan  o  to  a ;  then 
Tel.  P.  :h1.  W::  W»:o».     (Fig.  YIII.)  i 

In  tin  WJutl  and  Axle,  toL  P:  TeL  W::  radine  of  ule :  red.  of  wheel 
:W!p. 

1»  lAe  nvb  Jr<»«aU<  Pfilh/,  tbL  P  :  Tel.  W  : :  2  : 1 : :  W  :  P. 

In  a  ij/tUm  nf  PhU^,  Tel  P:  TeL  W  :;  n  :  1  ::  W:  P.  Hoi«D  =  Dam< 
b«r  of  rope*. 

In  lit  ABGBiNBDBAa  Strtw,  Tel.  P  :  Tel.  W,  ta  the  radine  of  the  power 
maltipUed  b;  0.28S2  la  to  the  dletanoe  between  two  eontifnoiii  threads. 
Let  R  =  radine  of  power,  and  d  =  dietauoe  between  the  threade ;  then 
Tel.  PiTeL  W::6.28S2E:d::  W:P. 


819«i.  Frletion  U  the  lose  dne  to  the  reeietanee  of  one  bodj  to  another 
aoTing  on  IL  There  ere  two  kinda  of  friction — the  elidinc  and  the  roll- 
ing. The  iliding  friotian,  as  in  the  inclined  plane  androada;  the  rolling, 
aa  in  pnlleja,  and  wheel  and  axle. 

Eiperimtiitt  on  FHction  bxn  been  made  bj  Coulomb,  Wood,  Eennie, 
Tinoe,  Morin,  and  ottaen. 

ThoM  of  Moiin,  made  for  the  Frenoh  OoTernment,  are  the  most  eiten- 
liTt,  and  are  adopted  b;  engineera.  When  no  oily  inbatanoe  ia  intorpoaed 
between  the  two  bodiea,  ihtfrietion  it  in  proportion  to  their perpendionlar 
preisnrea,  to  a  certain  limit  of  that  preaaore.  The  friction  of  two  bodiee 
preiaed  with  the  awna  weight  ia  nearlj  the  same  without  regard  to  the 
aurfaeea  In  conlaot.  Thus,  oak  rubbing  on  oak,  withont  nngaent,  gaT* 
a  ooeffiflient  of  bietion  eqnal  to  0,44  per  cent. ;  and  when  the  anrfaoee  in 
contact  were  reduced  as  much  as  pcssible,  the  ooeffioient  was  0.41}. 

Conlomh  baa  fbund  that  oak  sliding  on  oak,  withont  unguent,  after  a 
few  minnlea  had  a  friotion  of  0,44,  nnder  a  Tortical  preanire  of  74  tbe. ; 
and  that  b;  inereaaicg  the  pressure  from  74  tc*24T4  Dm.,  the  coefficient 
of  friction  remained  the  same. 

Friction  is  independent  of  the  Telocities  of  the  bodies  ia  motion,  bnt  ia 
dependent  on  the  ongueDts  used,  and  the  qnantity  enpplied, 

Morin  has  found  that  hog's  lard  or  oliTe  oil  kept  eontinnonalf  on  wood 
moTing  on  wood,  metal  on  metal,  or  wood  on  metal,  hare  a  cocffioieat  of 
0.07  to  0.08 ;  and  that  taUow  gaTa  the  same  reault,  eioept  in  the  eaaa  oT 
netale  on  metals,  in  which  oaae  he  fonnd  the  coeffiaient  0.10. 

Diffirtnt  womb  and  metal*  sliding  on  one  another  hiTC  lesa  ftnctloM. 
Thaa,  iron  on  copper  haa  leas  friation  than  iron  on  Iron,  oak  on  beach  has 
leas  than  oak  on  oak,  etc. 

The  anglt  a/fiittUm  ia  =«■  <  B  A  C,  i 
the  annexed  figure,  where  W  represents 
the  wngbt,  kept  on  the  inclined  plane 
A  C  bj  its  friction.  Let  Q  =  centre  of 
grarity ;  then  the  line  1  K  repreaents  the 
wdght  W.  in  direction  of  the  line  of 
graTitj,  which  ia  perpendicular  to  A  " 
I  L  ^  the  pressure  perpendicular  to  < 
and  I  N  c^  L  K  =  the  friction  or  weight  sufficient  to  keep  the  weight  W 
on  the  plane.    The  two  triangles,  ABC  and  I  K  L  ar*  tfmilar  t*  one 
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ftnoUier ;  .*.  KL:LI::BG:AB::  the  altitude  to  the  base.  Also, 
KL:EI::  B  0  :  A  G. 

In  the  lint  equation,  we  hate  the  force  of  fHotion  to  the  pressure  of 
the  weight  W,  as  the  height  of  the  inclined  plane  is  to  its  base. 

In  the  second  equation,  we  haye  the  force  of  fViction  to  the  weight  of 
tlie  body,  as  the  height  of  the  plane  is  to  its  length. 

Hence  it  appears  that  by  increasing  the  height  of  B  0  from  B  to  a  cer- 
tun  point  C,  at  which  the  body  begins  to  slide,  that  the  <  of  friction  or 
resistance  is  »»  <^  B  A  C. 

That  the  Coefficient  of  Friction  Is  the  tangent  of  <  B  A  G,  and  is  found 
bj  diTiding  the  height  B  G  by  the  base  A  B. 

Angle  of  Report  is  the  same  as  the  angle  of  fHction,  or  the  <  B  A  0  «■ 
the  angle  of  resistance. 

819o.    IVtdton  of  Plane  Swfaeee  haoing  hoen  wme  m  ConUteL 


Bnrlboes  in  Oontaet. 


Oak  upon  oak. 

do. 
do. 


do 

Oak  upon  elm 

SImoponoftk 

do. 

A«h,  llr  or  beaoh  on  oak. 


'} 


Dbpoiltionof 

tMFlbCMk 


ranllel. 


do 

Perpendlcalar. . 
End  of  one  on 

flat  of  other... 
Parmllel....  ... 

do 

Perpendicular, . 

Parallel 

Leather  length- 
ways, sidewaYs 

Parallel 

Perpendicular. . 
Parallel 

do 

do 

do      

Flat 

do. 

do 


in 


Without  unguent 
do.         do. 
do.         do. 
do.         da 


Tanned  leather  upon  oak 

Black  strap  leather  upon  oak. . . . 
do.  do.  on  rounded  oak 

Bemp  cord  upon  oak 

Iron  upon  oak 

Ca8t>lron  upon  oak 

Copper  upon  oak 

Bl^  dressed  leather  on  iron  pulley 

Cast  iron  upon  cast  iron 

Iron  upon  oast  iron 

Oak,  eiBi,  iron,  cast  iron  and 

brass,  sliding  two  and  two,  on 

one  Another 

do.  do.  do. 

Common  brick  on  common  brick 

Bard  caloareons  eione  on  the  same,  well  dressed 

Boft  ealeareottsetone  upon  hard  calcareous  stone 

do.    '   da        do.   onsame,  with  f^h  mortar  of  flue  sand 

Smooth  fkce  stone  on  same 

do.        da         da       with  fh»h  mortar 

Hard  polished  calcareous  etone  on  hard  polished  calcareous  stone 

Well  dressed  granite  on  rough  granite 

Do.,  with  f^h  mortar 


da 


do. 


State  of  the  Bur* 


Without  unguent 
Bnbbed  with  dry 

soap 

Without  unguent 

do.  do. 

do.  da 

With  soap 

Without  unguent 


do. 


do. 


do. 
do. 
do. 
do. 
Steeped 
do. 


do. 
do. 
do. 

do. 

water 

do. 


With  tallow. 


Hog*8  lard. 


■ai 


e 


n 


0.62 

81048' 

0.44 

28  46 

0.64 

28 

22 

0.48 

28 

16 

0.88 

20 

49 

0.41 

22 

18 

0.67 

28 

41 

0.68 

27 

66 

0.48 
0.74 
0.47 
0.80 
0.66 
0.66 
0.02 
028 
0.16 
0.10 

0.10 

0.16 
0.67 
0.70 
0.76 
0.74 
0.71 
0.66 
0.68 
0.68 
0.48 


An^eof 


28  16 

86  80 

26  11 

88  40 

88  02 

88  02 

81  48 

16  88 

9  6 

10  46 

6  48 

8  82 

88  60 

86  00 

86  68 

86  80 

86  28 

88  26 

80  07 

88  26 

26  07 


8l9p.     Friction  of  Bodice  m  MoUon^  one  upim  another. 


Bttiftoes  in  Contaet 


OakuDonoak .,,. 

da       ...!«!''..!!!!!!' 

Elmnponoak 

da         

Iron  upon  cak......... «. 

do.         

Oast  iron  upon  oak 

Icon  upen  elm 

Cast  Iron  4>n  dm 

Tanned  leather  upon  oak.... 

do.   on  cast  iron  and  b 


Disposition  of 
theVlbrss. 


Parallel 

da     

Perpendicular. . 

Parallel 

Perpendicular. . 

Parallel 


do.    

dfO.     

do 

do 

L*ngthw*ys  and 

sideways 

do.     do. 


State  of  the  Sur* 


Without  unguent 
Rubbed  with  soap 
Without  unguent 

do.  do. 

do.  do. 

Rubbed  with  dry 

soap 

Without  unguent 
Rubbed  with  soap 
Without  uncuent 

do.  GO. 


do 
With  oil. 


da 


0.66 
0.16 


Angle  <tf 


0.48 

V^W 

0J6 

9  06 

0.84 

18  47 

0.48 

28  17 

0.46 

94  14 

0.21 

11  62 

0.48 

26  07 

0.19 

10  46 

026 

14  OS 

0.20 

11  19 

29  16 
8  89 
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moHAiriOAL  powns. 


819^.    FrkHon  o/Axlei  m  motion  on  thiir  Aiarvyt. 

GMi  iron  axles  in  wme  bearingB,  greased  in  the  usual  way  with  hog's 
lardy  giyes  a  ooeffioient  of  firiotion  of  0.14,  bat  if  oiled  oontinaonslj,  it 
giyes  about  0.07. 

Wrought  iron  axles  in  oast  iron  bearings,  giyes  as  abore,  .07  and  .0^. 

Wrought  iron  axles  in  brass  bearings,  as  abore,  .09  and  .00. 


Monn  pownu 

819r.  yommal  hone  power  is  that  which  is  capable  of  raidng  88,000 
pounds  one  foot  high  In  one  minute.  The  English  and  Ameriean  engi- 
neers haye  adopted  this  as  their  standard;  but  the  French  engineen 
haye  adopted  82,560  lbs.  Experiments  haye  proyed  tliat  both  are  too 
high,  and  that  the  ayerage  power  is  22,000  lbs. 

The  following  tables  are  compUed,  and  reduoed  to  English  measurcsy 
fh>m  Morin's  Aide 


Work  done  bjf  Man  and  Horee  mooing  horiMontaU^f, 


A  man  unloaded 

A  laborer  with  a  small  two-wheel  cart,  going  loaded 

and  returning  empty 

Bo.  with  a  wheelbarrow  as  aboye 

Do.  walking  loaded  on  his  back 

Do.  loaded  on  his  back,  but  returning  unloaded... 

Do.  carrying  on  a  handbarrow  as  a^ye 

A  horse  with  a  cart  at  a  pace  continually  loaded... 

Do.    do.    returning  unloaded 

Do.  with  a  oarriage  at  a  constant  trot 

Do.  loaded  on  the  back,  going  at  a  pace 

Do.    do.    at  a  trot 


■1' 

^ 

Mgl 

10 

97.50 

10 

50 

10 

80 

7 

80 

6 

82.5 

10 

16.5 

10 

770 

10 

420 

4.6 

770 

10 

182 

7 

176 

12902 

6617 

8970 

8970 

4801 

2188 

101894 

55579 

101894 

17467 

28290 


819f.    Work  done  5y  Man  in  mooing  a  bodjf  vertkaUy. 


Man  ascending  an  inclined  plane 

Do.  raising  weight  with  a  cord  and  puUey,  the  conl 

descending  empty ». 

Do.  raising  weight  with  his  hands.... 

Do.  raising  a  weight,  and  carrying  it  on  his  back  to 

the  top  of  an  ea^y  stairway,  and  returning  empty.. 
Do.  shoTelling  earth  to  a  mean  height  of  1.60  metres. 


H 


!1^ 


6 
6 

10 
10 


8.60 
8.40 

1.20 
1.08 


7^ 


1290 


476 
450 

159 
148 


819t.    Aetiiion  on  Maekinee. 


A  man  acting  on  a  wheel  or  drum  at  a  point  leyel 

with  the  axle 

Do.  acting  at  a  point  below  the  axle  at  an  <  of  24^.. 

Do.  drawing  horiiontally,  or  driying  before  him 

Do.  acting  on  a  winch 

Do.  pushing  and  drawing  alternately  in  yert.  position 
A  horse  harnessed  to  a  carriage  and  going  at  a  pace.. 

Do.  harnessed  as  a  riding  horse,  going  at  a  pace 

Do.  do.  going  at  a  trot 


Hodra 

g,| 

f^. 

hi 

,  8 

9 

8 

8.40 

8 

7.20 

8 

6 

8 

5.50 

10 

68 

8 

40.50 

4.5 

60 

poundf 


1191 

1112 
758 
794 
728 

8887 
586 

7940 


ROADS  AND  STREETS. 

819ii.  Roman  roads  were  made  to  connect  distant  cities  with  the  Im- 
perial  Capital.  In  low  and  IctcI  gronnds,  they  were  elevated  aboye  the 
a^oining  lands,  and  made  as  follows] 

Ist.  The  Statumefij  or  fonndation — all  soft  matter  was  remoTcd. 
2d.   The  Ruderatio,  composed  of  broken  stones  or  earthenware,  etc., 
set  in  cement. 

8d.  The  Hueleus,  being  a  bed  of  mortar. 

4th.  The  Summa  CruitOy  or  oater  coat,  composed  of  bricks  or  stones. 
Near  Rome,  the  upper  coat  was  of  granite ;  in  other  placesi  hard  lava, 
80  closely  jointed,  that  it  was  supposed  by  Palladio  that  moulds  were  used 
for  each  stone  or  piece. 

The  Curator  Viarum^  or  superintendent  of  highways,  was  an  officer  of 
great  influence,  and  generally  conferred  on  men  of  eonndar  dignity  after 
Julhu  Ccuar,  who  held  that  office,  assisted  by  his  colleague,  T,hermu^  a 
noble  Roman.  Vietanht  MareelluSf  of  the  pnetorian  order,  had  been  se- 
lected to  this  office  by  the  Emperor  Domitian.  These  are  but  a  few 
instances  of  the  many  in  which  men  of  the  highest  position  in  society 
became  Curator  Fiarum— or,  as  the  Americans  call  him,  commissioner 
of  highways,  or  path  master. 

The  Appian  Way,  called  also  Queen  of  the  Roman  ways,  was  made  by 
Censor  Appius  Cttcus,  about  811  years  before  the  Christian  era,  and  built 
then  as  far  as  Capua,  125  miles;  but  subsequently  to  Brundusium,  about 
the  year  B.  C'  249.  '*  Tbe  Appian  Way  was  of  a  sufficient  width  (18  to 
22  feet)  to  allow  two  carriages  to  pass ;  was  made  of  hard  stone,  squared, 
and  made  to  fit  closely.  After  2000  years,  but  little  signs  of  wear 
appear." — Eustace. 

Oravel  roads,  with  sinall  stows,  were  commonly  used  by  the  Romans. 
Porticos  were  built  at  oonTcnient  distances,  to  afford  shelter  to  the 
trsTciler. 

Roman  MUitary  roads  were  S6«to  40  feet  wide,  of  which  the  middle  16 
feet  were  paved.  At  each  side  there  was  a  raised  path,  2  feet  wide,  which 
again  separated  two  sideways,  each  8  feet  wide. 

The  breadth  of  the  Roman  roads,  as  prescribed  by  the  laws  of  the 
twelve  tables,  was  but  8  feet ;  the  width  of  the  wheel  tracks  not  above  8 
feet  There  were  twenty-nine  military  roads  made,  equal  in  length  to 
48500  English  miles. 

The  CarthaginianSf  according  to  Isadore,  were  the  first  who  paved  their 
public  ways. 

The  Greeks,  according  to  Strabo,  neglected  three  objects  to  which  the 
Romans  paid  especial  attention :  the  doaeoe,  or  common  sewers,  the  aque- 
ducts, and  the  public  highways.  The  Greeks  made  the  upper  part  of 
their  roads  with  large,  square  blocks  of  stone,  whilst  the  Romans  mostly 
used  irregular  polygons. 

The  French  roads  are  from  80  to  60  feet  wide,  the  middle  16  feet  being 
paved;  but  once  a  vehicle  leaves  the  pavement,  it  becomes  a  matter  of 
much  difficulty  to  extricate  it  from  the  soft  surface  of  the  sides.  To 
obviate  this  difficulty,  the  system  of  using  broken  stones  is  now  generally 
adopted,  and  has  been  used  in  France,  under  the  direction  of  M.  Turgos, 
a  Umg  time  h^ore  McAdam  introduced  it  into  England. 

mZ 
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Th«  Oemum  roadt  r«0embl«  those  of  Fra&ce. 

The  Belgium  road$  hare  their  enrfaoes  composed  of  thin  brick  tiles, 
which  answer  well  for  light  work. 

Sveden  has  long  been  famous  for  her  excellent  roads  of  stone  or  gratwel, 
on  which  there  is  not  a  single  tollgate.  Each  landowner  is  obliged  to 
keep  in  repair  a  certain  part  of  the  road,  in  proportion  to  his  property, 
whose  limit  is  marked  by  land  marks  on  each  side  of  the  road. 

The  EngU»hy  Irish  and  Scotch  roads  are  now  generallj  made  of  broken 
stones,  or  macadamised ;  are  26  to  50  feet  wide :  well  drained — ^hawin^ 
the  centre  12  inches  higher  than  on  the  sides,  in  a  road  40  feet  wide,  &ncl 
In  proportion  of  8  inches  in  10  feet  wide ;  the  stones  broken  so  as  to  pi 
through  an  inch-and-half  ring.  For  the  purpose  of  keeping  them  in 
pair,  there  are  d^ta,  on  heaps  of  broken  stones,  at  intenrals  of  600  feet. 
When  a  small  hole  makes  its  appearance,  a  man  loosens  the  stones  aroand 
the  spot  to  be  repaired,  and  then  fills  it  up  with  new  material,  which  soon 
becomes  as  when  originallj  made. 

Arthur  Toung  states  that  it  was  not  until  1660  that  England  took  an 
interest  in  her  roads.  (See  Encyclopedia  Britanhica,  toI.  zii,  p.  628.) 
In  his  tour  through  the  British  Isles  in  1779,  he  states  that  Ireland  then 
had  the  best  roads  in  Europe.  This  is  not  to  be  wondered  at,  when  we 
consider  that  there,  granite,  limestone  and  grarel  beds  are  abundant ; 
that  since  the  beginning  of  the  reign  of  Charles  I,  the  roads  were  under 
the  charge  of  the  grand  jury.  There,  good  roads  must  hare  existed  at  a 
Tory  early  date,  as  the  stones  of  which  the  round  towers  are  built  are 
large,  and,  in  some  places,  hare  been  brought  from  a  great  distance. 

Many  of  the  English  and  Irish  highways  were  turnpike  roads;  that  is, 
roads  haring  tollgates,  8inoe  the  introduction  of  railways,  these  haTe 
been  falling  off  in  rcTenue.  In  a  parliamentary  inquiry  into  turnpike 
trusts  in  Ireland,  the  unanimous  testimony  of  all  the  witnesses  examined 
were  against  them,  and  in  fator  of  having  them  kept  in  repair  by  pre- 
sentment. • 

Fretentmmt  is  where  the  grand  jury  receiTes  proposals  to  keep  road  R, 
blank  miles,  from  point  A  to  point  B,  in  repair,  according  to  the  specifi- 
cation of  the  county  surreyor,  during  time  T,  at  the  rate  of  sum  «  per  rod, 
subject  to  the  approval  of  the  county  surreyor,  who  has  the  general 
super?ision  of  all  the  public  works,  and  are  gentlemen  of  integrity  and 
high  scientific  attainments.  The  work  on  hydraulics  by  Mr.  NcTillei 
county  Bunreyor  for  Louth,  and  that  on  roads'  by  my  school-fellow,  Ed- 
mond  Leahy,  county  surreyor  for  Cork,  are  generally  in  the  hands  of 
etery  engineer. 

By  the  parliamentary  report  for  1839-40,  England  had  21962  mUes  of 
turnpike  trusts.  The  tolls  amounted  to  £1,776,686 ;  the  expenditure  for 
repairs  and  officers,  £1,780,849,  leaying  a  deficiency  of  £3,768.  The 
same  deficiency  appears  to  take  place  on  the  Irish  roads. 

In  England,  the  parish  roads  equal  104772  miles,  costing  annually  for 
highway  rates  £1,168,207.  The  number  of  surreyors  and  deputy  snr- 
Teyors,  or  way-wardens,  is  20000,  or  one  way-warden  to  every  6}  miles 
of  road.  It  was  then  shown  that  the  trusts  had  incurred  debts  to  the 
enormous  amount  of  £8,677,132. 

Under  the  new  system,  one  man  keeping  a  horse  is  supposed  to  take 
charge  of  40  miles  of  road. 
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Making  and  R^airing  Macadamised  Roadi, 

819«.     The  road  bed  shoald  haye  a  earred  surface  of  about  1  foot  rise 
for  40  feet  wide,  be  a  segment  of  a  circle,  and  hare  at  least  12  inches  of 
stones  on  the  centre,  and  8  to  10  on  the  sides,  both  of  which  are  to  be  on 
the  same  IcTel.    When  the  stones  are  well  incorporated  with  one  another, 
a  layer  of  sand,  1  inch  in  thickness,  is  spread  on  top.     The  bed  most  be 
thoroughly  drained,  and  the  water  made  to  flow  freely  in  the  acljoining 
ditches.    The  oTerseers  should  never  allow  any  water  to  accumulate  on 
the  road,  and  CTeiy  appearance  of  a  rut  or  hole  immediately  checked. 
Where  there  is  flrost,  it  is  liable  to  disintegrate  the  road  material,  unless 
it  is  built  of  Tery  compact  stuff.     In  boggy  land,  a  soling  of  12  to  18 
inches  of  stiff  clay  must  be  laid  under  the  broken  stone.     Where  the  bot- 
tom is  sandy,  and  stiff  clay  hard  to  be  procured,  rough  pavements  or 
concrete,  from  6  to  12  inches  thick,  under  the  broken  stones,  will  be  the 
best    In  general,  where  the  soil  is  well  drained,  broken  stones  will  be 
sufficient.    The  road  is  never  to-  have  less  than  8  inches  on  the  centre  and 
4  on  the  sides.    All  large  stones  raked  to  the  sides,  and  broken,  so  as  to 
pass  through  a  ring  1}  inches  in  diameter.    The  surface  always  kept  uni- 
form.   The  English  and  Irish  roads  are  generally  26  feet  between  the 
ditches,  but  in  approaches  to  cities  and  towns,  they  are  40  to  50  feet. 
On  the  Irish  roads,  no  house  is  allowed  nearer  than  80  feet  of  the  centre 
of  the  road. 

To  aUovfor  thrmkage,  Mr.  Leahy,  in  his  work  on  roads,  p.  100,  says: 
In  bog  stuff,  add  one-fourth  of  its  intended  height ;  if  the  road  is  of  clay 
or  earth,  add  one-twelfth. 

When  the  road  passes  through  boggy  land,  the  side  ditches,  or  drains, 
must  be  dug  to  a  depth  of  4  feet  below  the  surface  of  the  road,  and  have 
parallel  drains  running  along  in  the  direction  of  the  road,  about  40  feet 
on  each  side.  In  this  manner,  roads  have  been  made  over  the  softest 
bogs  in  Ireland.  On  the  Milwaukee  and  Mississippi  Railroad,  near  Mil- 
waukee, a  part  of  the  road  passed  over  the  Menomenee  bottoms.  After 
several  weeks  of  filling,  the  company  was  about  to  relinquish  that  part  of 
the  route,  for  all  the  work  done  during  the  week  would  disappear  during 
Sunday.  The  author  being  employed  as  city  engineer  in  the  neighbor- 
hood, saw  fte  respective  officers  holding  a  consultation.  He  came  up, 
and  on  being  asked  his  opinion,  replied:  <*  Imitate  nature;  first  lay  on 
a  layer  of  brushwood,  1  foot  thick ;  then  2  feet  of  clay,  and  so  on  alter- 
nately."   The  plan  was  adopted,  and  has  succeeded. 

Where  the  road  is  wet  and  springy,  cross  drains  filled  with  stones  are 
to  be  made,  to  connect  with  the  side  drains  or  ditches ;  and  if  made  within 
60  or  60  feet  of  one  another,  will  be  sufficient  to  drain  it. 

Where  the  road  runs  along  a  sloping  ground,  catch-water  drains  should 
be  run  parallel  with  the  road,  so  as  to  keep  off  the  hill  water. 

Bstaining  wallt  should  have  a  batter  or  slope  of  8  inches  to  each  foot  in 
height,  and  the  back  may  be  parallel  to  the  same.  The  thickness,  %^  feet 
for  10  feet  in  height,  and  in  all  other  cases,  the  thickness  shall  be  ons- 
fourth  of  the  height.  An  offset  of  8  inches  should  be  left  at  front  of  the 
footing  course,  and  the  foundation  cut  into  steps.  Where  such  walls  are 
along  water  courses,  the  foundation  should  be  16  inches  below  the  bottom 
of  the  water,  and  paved  along  the  side  to  a  width  of  18  inches  or  2  fee$. 
The  filling  behind  is  put  in  in  layers,  and  rammed  in. 
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Parapet  waUt  should  be  20  inches  thick  and  8}  feet  high,  built  of  mmr- 
aonrj  laid  U  lime  mortar,  in  courses  of  12  or  14  inches,  the  top  course  or 
coping  to  be  semicircular,  and  hare  a  thorough  bond  at  every  8  feet. 

Where  drains  are  coTered,  dry  masonry  walls,  coTered  with  flags,  are 
preferable.  Where  the  width  of  the  drain  is  not  more  than  80  inches, 
these  drains  will  require  flags  6  inches  thick ;  those  between  18  and  24 
inches  are  to  haye  flags  5  inches  thick ;  and  those  from  8  to  18  inches, 
require  flags  4  inches  thick. 

Dramoffe,  When  the  road  runs  along  a  hill,  cut  a  drain  parallel  to 
the  road,  and  8  to  4  feet  below  the  Surface ;  then  out  another  of  smaller 
dimensions  near,  the  road,  and  sunk  below  the  road-bed.  Again,  at  CTery 
60  or  100  feet,  sink  cross  drains,  about  15  to  24  inches  below  the  road- 
bed ;  fill  with  broken  stones  to  within  6  inches  of  the  top,  which  space  of 
6  inches  is  to  be  filled  with  small  broken  stones  of  the  usual  sixe  in  road 
making — these  cross  drains  to  communicate  with  a  ditch  or  drain  on  the 
lower  side  of  the  road,  to  keep  it  dry. 

Drain  AoZef,  about  100  feet  apart ;  8  inches  square,  and  about  2  inches 
under  the  water  table  of  the  drain ;  may  be  made  of  4  flag  stones,  drain- 
ing tiles,  or  pipes. 

Eoad  MaUridU,    Granite  is  the  best. 

Sieniie  is  granite,  in  which  hornblende  is  mixed.  This  is  Very  durable, 
and  resists  the  action  of  the  atmosphere.  This  stone  has  a  greenish  color 
when  moistened. 

SanditofUf  if  iiapregnated  with  silica,  is  hard,  and  makes  a  good  ma- 
terial. Some  varieties  are  composed  of  pure  silez,  which  makes  an  ex- 
cellent material ;  but  others  are  mixed  with  other  substances,  which  make 
the  stone  porous,  and  unfit  to  be  used  by  the  action  of  frost,  it  easily 
disintegrates. 

Limeitone  has  a  great  affinity  for  water,  which  it  imbibes  in  large  quan- 
tities. If  frosen  in  this  condition,  it  is  easily  crumbled  under  the  wheels 
of  carriages,  and  becomes  mud.  Hence  the  great  necessity  of  keeping  a 
road  made  with  broken  limestone  thoroughly  drained^  in  all  places  where 
frost  makes  its  appearance.  There  is  nothing  more  injurious  to  roads 
than  frosts.  • 

Stones  having  fine  granular  appearance,  and  whose  specific  gravity  is 
considerable,  may  be  considered  good  road  material. 

EjqterimenU  made  by  Mr.  Walker,  civil  engineer,  during  seventeen 
months  of  1830  and  1881,  on  the  Commercial  Road,  near  London,  will 
show  the  quality  of  the  following  stones :  (See  TratuactioM  Inst,  Civil 
JSnffineert,  Vol.  1.) 


DeacrSption  of  Stone. 

Where  procured. 

Absolute  wear 

in 

17  months. 

Time  in  which 

1  inch  would 

wear  down. 

Orantte.. ......... ..r-rr 

Dartmoor 

.207  inches. 

.060 

.075 

.131. 

.141 

.169 

.225 

.082 

6.8  years. 
22.5 

t( 

Guernsey 

Herm,  near  Guernsey.. 
Peterhead.... 

(i 

19. 

Blue  Granite 

10.8 

Ui  ramie .. ...... •   ••... 

Re>i  Granite 

Heyton 

Aberdeen..... 

10. 
9. 

Blue  Granite 

4( 

6.88 

Whinstone 

Budle 

17.88 
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Ibfl.  ftToirdupob 

to  craitb  a  cube 

of  li  Inches. 

Cbalk 1127 

Brick,  pale  red  color 1265 

Red  brick,  mean 1817 

Yellow-faced  paviers 2254 

Fire  brick 8864 

Whitby  gritstone 5328 

Derby        *<  and  friable 

sandstone 7070 

Do.  f^om  another  quarry....^.  9776 
White  freestone,  not  stratified.  10264 

Portland  stone 10284 

Humbic  gritstone 10871 

Craigleith  white  freestone 12846 

Yorkshire  paring,  with  strata.  12856 

Do.  against  the  straU 12856 

White  statuaiy  marble,  not 

Teined 18682 

Brambyfall   sandstone,   near 

Leeds,  with  strata 18682 


COMPBISSIOH. 

Qm.  aTolrdnpoif 

to  crush  a  cube 

ol  H  inches. 

Cornish  granite 14802 

Dundee  sandstone 14918 

Craigleith  gritstone,  with  the 

.  strata 15560 

Devonshire  red  marble,  vari- 
egated   ; 16712 

Compact  limestone 17854 

Penryp  granite 17400 

Peterhead  **    close  grained...  18686 
Black  compact  Limerick  lime- 
stone  19924 

Black  Brabant  marble 20742 

Very  hard  freestone..* 20254 

White  Italian  veined  marble ...20783 
Aberdeen  granite,  bine  kind... 24556 

Valencia  slate 26656 

Dartmoor  granite 27680 

Heyton  granite 81860 

Herm  granite,  near  Guernsey.. 83 600 


A  road  made  over  well  dried  bogs  or  naked  surface,  on  account  of  its 
elasticity,  does  not  wear  as  fast  as  roads  made  over  a  hard  surface.  It 
has  been  found  that  on  the  road  near  Bridgewater,  England,  the  part  over 
a  rocky  bed  wears  7,  when  that  over  a  naked  surface  wears  6. 

The  covering  of  broken  stones  is,  in  the  words  of  McAdam,  intended 
to  keep  the  road-bed  dry  and  even. 

Some  of  the  material  used  on  the  roads  near  London  are  brought  from 
the  isle  of  Guernsey  and  Hudson  Bay. 

Weight  of  vehicUt^  width  of  tiers,  and  velocity,  have  great  influence  on 
the  wear  of  roads.  In  Ireland,  two- wheeled  wagons  or  carts  are  generally 
used — ^the  weight  6  to  8  cwt.,  and  load  22  to  25  cwt.,  making  a  gross  load 
of  about  80  cwt.  In  England,  four-wheeled  wagons  are  generally  used, 
and  weigh,  with  their  load,  from  5  to  6  tons ;  therefore,  the  pressure  of 
these  vehicles  is  as  1660  to  8820,  on  any  given  point 

It  is  erident  that  when  the  vehicle  is  made  to  ascend  a  large  stone,  that 
in  falling,  it  acquires  a  velocity  which  is  highly  injurious  to  the  road,  and 
that  there  should  not  be  allowed  any  stone  larger  than  1}  inches  square 

on  the  surface. 

Table  of  Uniform  Draught, 
Beaeription  of  Surfkoe.  Rata  of  Inclination. 

Ordinary  broken  stone  surface Level. 

Close,  firm  stone  paving. 1  in  48.5 

Timber  paving 1  in  41.5 

Timber  trackway 1  in  81.66 

Cut  stone  trackway 1  in  81.66 

Iron  tramway 1  in  29.25 

Iron  railway 1  in  28.5 

E:q>lanaium.    If  a  power  of  90  lbs.  will  move  one  ton  on  a  level,  broken 

stone  road,  it  will  move  the  same  weight  on  an  iron  railway  having  an 

inclined  plane  of  1  in  28}. 
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ruonov  ox  eoads. 

The  power  required  to  moTe  a  wheel  on  a  well  made,  lerel  road, 
depends  on  the  Motion  of  the  axles  in  their  boxes,  and  to  the  renstano* 
to  rolling. 

When  the  axles  are  well  made  and  oiled»  the  friction  is  taken  at  one- 
eighteenth  of  the  pressure ;  but  in  ordinary  oases,  it  is  taken  at  one-twelfth^ 

W  •         W      a      Wa* 

=  rr»  ead  power  =s=  -—  X  t  ^  tt^*    Here  power  is  that  force  whioh«  if 
i«  12      d      12  d 

applied  at  the  tier,  wonld  Jast  cause  the  wheel  to  moTe.    a  =  diameter 

of  the  axis,  and  d  =  diameter  of  the  wheel. 

The  following  ie  Sir  John  McNeill's  formula,  giTen  in  his  OTidence  be* 

fore  a  committee  of  the  House  of  Lords,  for  the  draught  on  common  roads : 

_      W-f- w      w 

P  =  — 1"  ^  +  ®  "^'     Here  W  =  weight  of  the  wagon,  w  = 

93  40 

weight  of  the  Joad,  Y  =  Telocity  in  feet  per  second,  and  c  =s  a  constant 

quantity  derired  from  experiments  on  lerel  roads. 


Kind  of  Bottd;  Valve  of  e. 

For  a  timber  surface. 2 

'*     pared  road 2 

'*     a  well  made  broken-stone  road,  in  a  dry  state 6 

"             •*                  "             "      coTered  with  dust 8 

'<             **'                 «             *<      wet,  and  corered  with  mud 10 

"     grarel  or  flint  road,  when  wet 18 

**               **            **     rety  wet,  and  corered  with  mud 82 

Let  W  =  720,  w  =  8000,  pared  road ;  let  Y  =  4  feet    Here  c  =  2, 

and  we  har»>— 

720  +  8000      8000 

^  =  — 98— +-W-  +  =^X*- 

P  =  40  -f  76  -f  8  =  128  ==  draught,  or  the  force  necessary  to  orer> 
come  the  combined  friction  of  the  axle  in  the  box  and  the  wheel  in  rolling 
on  the  surface.  This  force  is  one-thirtieth  of  the  total  load  of  weight  and 
wagon. 

By  MelfeilPa  Improved  DynamomeUr^  the  following  results  hare  been 

obtained.    Weight  of  wagon  and  load  =  21  cwt 

Batioof 
Kind  of  Road.  Ywf  In  Iba.     Dranght  to  the  Load. 

Grarel  road  laid  on  earth 147  =  l-16th  of  theloed. 

Broken  stones 66  =  l-86tiL         " 

«'         on  a  pared  foundation 46  =  l-61st 

Well  made  parement 88  =  l-7lBt 

Best  stone  track  ways 12|=  1-1 79th 

Best  form  of  railroad 8  =  l-280tii 


« 

Cf 


M.  Pfmcdet  gires  the  following  ralue  of  draught  or  force  to  orercome 
friction : 

On  a  road  of  sand  and  grarel l-16th  of  tiie  total  load. 

On  a  broken  stone  road,  ordinary  condition l-26th 

'*  *'         in  good  condition l-67th 

On  a  good  parement,  at  a  walk l-64th 


"  "  at  a  trot l-42d  " 


On  a  road  made  of  oak  planks l-98th 


« 
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Table  showing  the  Lengiha  ofHorwmtdl  IAmm  EqmvdUnt  to  several  Aeeend- 
ing  and  Deseendmg  Fkmee,  the  Length  of  the  Plane  being  Unity. 

In  ealonlating  this  table,  Mr.  Leahy  has  assumed  that  an  ordinary 
horse  works  8  hours  per  day,  and  draws  a  load  of  8000  pounds,  including 
the  weight  of  the  wagon,  making  the  net  load  I  ton. 


« 

One-hone  Curt.    | 

Stage  Go«eh.      | 

8u«e  Wagon.     jAngleof 

<>»•  *»   A»«ind'it.|D<»c*n<l'K  Ascend  K-lDescnd'c  Atoeod'g.  )I>Me*nd'g  *»▼»»» 

6 

8.82 

8.27 

< 

^    t   It 

10 

4.16 

1.66 

2.85 

6.07 

5  42  58 

15       2.90 

1.06 

2.28 

4.89 

8  48  51 

20       2.08 

0.88 

1.98 

0.07 

8.54 

2  5121 

25 

1.66 

0.70 

1.74 

0.26  . 

8.04 

t 

2  17  26 

80 

1.55 

0.74 

1.62 

0.89 

2  70 

] 

154  87 

85 

1.45 

0.77 

1.58 

0.47 

2.46 

1 

188  14 

40 

1.40 

0.79 

1.46       0.54 

2.27 

125  57 

45 

1.85 

0.81 

1.41       0.69 

2.18 

1  16  24 

50 

1.81 

0.88 

1.87 

0.68 

2.02 

0.07 

1    8    6 

55 

1.29 

0.84 

1.84 

0.66 

1.98 

1    2  80 

60 

1.26 

0.85 

1.81 

0.69 

1.85 

0.16 

0  57  18 

65 

1.24 

0.86 

1.29 

0.71 

1.78 

0.22 

0  62  54 

70 

1.22 

0.87 

1.72 

0.27 

1.27 

0,78 

0  49    7 

75 

1.68 

0.82 

1.25 

0.75 

0  45  51 

80 

1.19 

0.88 

1.64 

0.86 

1.28 

0.77 

0  42  66 

85 

1.60 

0.40 

1.22 

0.78 

0  40  27 

90 

1.17 

0.89 

1.57 

0.48 

1.21 

0.79 

0  3812 

95 

1.54 

0.46 

1.20 

0.80 

^6  11 
W4  28 

100 

1.15 

0.90 

1.51 

0.49 

1.19 

0.81 

110    1 

1.46 

0.66 

1.17 

0.88 

0  81  15 

120 

148 

0.58 

1.15 

0.85 

0  28  89 

180 

1.89 

0.61 

1.14 

0.86 

0  26  27 

140 

1.86 

0.64 

1.18 

0.87 

0  24  88 

150 

« 

1.10 

0.92 

1.84 

0.66 

1.12 
1.12 

0.88 

0  22  55 

160 

1.82 

0.68 

0.88 

0  21  29 

170 

1.80 

0.70 

1.11 

0.89 

0  20  18 

180 

1.28 

0.72 

1.10 

0.90 

0  19    6 

190 

1.27 

0.78 

1.10 

0.90 

018    6 

200 

1.07 

0.98 

1.26 

0.76 

1.09 

0.91 

017  11 

210 

1.24 

0.76 

1.09 

0.61 

0  16  2^ 

220 

{ 

1.28 

0.77 

1.08 

0.92 

015  87 

280 

1.22 

0.78 

1.08 

0.92 

014  57 

240 

1.21 

0.79 

1.08 

0.92 

014  19 

250 

1.20 

0.80 

1.07 

0.98 

0  18  45 

260 

1.20 

0.80 

1.07 

0.98 

0  18  18 

270 

1.19 

0.81 

1.07 

0.98 

012  44 

280 

1.18 

0.82 

1.07 

0.94 

012  17 

290 

1.18 

0.82 

1.06 

0.94 

0  1151 

800 

1.17 

0.88 

106 

0.94 

0  1128 

850 

1.15 

0.85 

'  1.65 

0.95 

0    9  49 

400 

1.18 

0.87 

1.05 

0.95 

0    8  86 

450 

1.11 

0.89 

1.04 

0.96 

0    7  88 

500 

i.lo 

0.90 

1.04 

0.96 

0    6  58 

550 

L09 

0.91 

1.08 

0.97 

0    6  16 

600 

1.09 

0.92 

1.08 

0.97 

0    5  44 

JPretntre  of  a  load  on  an  ineUned  plane  is  found  by  multiplying  the 
weight  of  the  load  by  the  horiiontal  distance,  and  diyiding  the  product  by 
the  length  of  the  inclined  plane. 

CorroUarg.  Hence  appears  that  on  an  inclined  plane,  the  pressure  is 
less  than  the  weight  of  tiie  load. 
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ROADS  AND  8TUITI. 


M,  Marini'i  EiperimenU, 


Tehiel*  lued. 


Artillery  ammunitioa  wagon, 

<l  (C  «< 

<f  «(  «< 

Wagon  without  springs, 

(I  M  l< 

«  •!  « 

«<  <l  (4 

Wagon  inth  springs 

<<        «         <« 


RontM  puaed  orar. 


Broken  stone, 
in  good  order, 
and  dosty, 

Solid  grayel, 
Tery  dry, 


Pared,  in  good 
order,  with  wet 
mud,  .M 


PMMvre 

Dmaght 

In 
ponnda. 

18215 

898.4 

13541 

852.6 

10101 

250.7 

15716 

306.8 

12087 

246.9 

9814 

206.5 

7565 

150.8 

3528 

86.6 

7260 

196.7 

11018 

299.9 

Ratio  of 
draught 

tOlCMUl. 


88.1 
1 


40  Jl 
1 

his 

1 

48.9 
1 

47.7 
1 

Ml 
1 

40.8 
1 

86.9 
1 

86.8 


The  greaiul  inclination  ought  not  to  exceed  1  in  30,  and  need  not  be  lees 
than  one  in  100,  for  a  horse  will  draw  as  well  on  a  road  with  a  rise  of  1 
in  100  as  on  a  level  road.  Where  the  road  curves  or  bends,  it  should  be 
wider,  aslpllows :  When  the  two  lines  make  ah  angle  of  deflection  of 
90^  to  12^,  increase  the  road-bed  one-fourth. 

JExampU,  Let  us  suppose  that  we  ascend  a  hill  1  mile  long  at  the  rate 
of  1  foot  in  80,  and  that  we  descend  1  mile  with  an  inclinatioD  of  1  in  40. 
Here  we  have  for  a  one-horse  cart  or  Vehicle  ascending  =  1.66,  descend- 
ing =  0.70,  sura  =  2.86,  mean  =  1.18.  That  is,  passing  over  the  hill 
of  2  miles  with  the  above  rise  and  fall,  is  equivalent  to  hauling  over  2.86 
miles  of  a  horiiontal  road. 

The  inclined  road  is  easily  drained,  and  requires  less  material  in  con- 
struction and  annual  repair,  and  avoids  curves. 

The  engineer  will  be  able  to  judge  which  is  the  tnost  economical  line 
f^om  the  above  table. 

M.  MormU  experimenU  show  that — 

1st.  The  traction  is  directly  proportional  to  the  load.  The  traction  is 
inversely  proportional  to  the  diameter  of  the  wheel. 

2d.  Upon  hfrd  roads,  the  resistance  is  independent  of  the  width  of  the 
tire  when  it*  exceeds  8  to  4  inches. 

8d.  At  a  walking  pace,  the  traction  is  the  same,  under  the  same  circum- 
stances, for  carriages  with  and  without  springs. 

4th.  Upon  hard  macadamised  and  pavcti  roads,  the  traction  increases 
with  the  velocity,  when  above  2\  miles  per  hour. 

5th.  Upon  soft  roads,  the  traction  is  independent  of  the  velocity. 

6th.  Upon  a  pavement  of  hewn  stones,  the  traction  is  three-fourths  of 
that  upon  the  best  macadamised  roads,  at  a  pace  but  equal  to  it  at  a  trot. 

7th.  The  destruction  of  the  road  is  greater  as  the  diameter  of  the  wheels 
is  less,  and  is  greater  with  carriages  without  than  with  springs. 


TABLE  C.-^For  Laying  Out  Owrt^t,     Chord  A  B  =  200/m<  or  Imks,  or 
ainy  muU^U  ofaHur.  (See  Fig,  A,  Sec.  819g.) 


Bad.or 

earr*. 


700 
20 
40 
60 
80 


800 
20 
40 
60 
80 

im 
20 
40 
60 
80 

1000 
20 
40 
60 
80 

1100 
20 
40 
60 
80 

I2S0 

20 

40 

60 

_80 

1800 
20 
40 
60 
80 

1400 
20 
40 
60 
80 

1695 
20 
40 
60 
80 

1600 
20 
40 
60 
80 

1700 

20 

40 

60 

JIO 

1800 
20 
40 
60 
80 


defleot'n 
o    /    //. 

812  48 

7  6001 

46  59 

88  84 

2167 


BO     VB    HO   W8 


10  60 
0116 
6014 
640  89 
8180 

22  46 
1426 

06  26 
66846 

6124 

4420 
87  84 
8104 
24  48 
18  46 

"126? 

07  21 
0167 

46644 
6141 

46  49 
42  06 

87  82 

88  07 
2861 

2442 
2041 
16  47 
1800 
09  20 

""0516 
0218 

86906 
66  89 
6227 

49  20 
46  20 
48  28 
40  81 
8748 

"8F05 
8219 
2946 
2718 
2446 

22  20 
1969 
1741 
16  26 
1814 

869 
666 
466 
267 


7.18 
6.98 
.788 
.604 
.488 


.274 

.148 

5.97 

.844 

.701 


1.79 
.747 
.699 
.668 
.614 


.570 
.486 
.810 
.222 
.142 


.570 
.688 
.496 
.460 
.426 


0448 
.487 
.425 
.418 
.408 


.894 
.864 
.884 
.807 
.279 


.012 
4.91 
.817 
.727 
.640 


.556 
.478 
.896 
.819 
.247 


.858 
.798 
.787 
.681 
.628 


'Mi 
.229 
.205 
.188 
.160 


.898 
.886 
.874 
.865 
.867 

TSig 

.841 
.884 
,827 
.820 


0112 
.109 
.106 
.108 
.101 


.044 
.027 
.010 
0994 
.978 


.574 
.626 
.481 
.429 
.882 


.887 
.298 
.260 
.208 
.169 


.968 
.949 
.986 
.920 
.907 


.894 
.882 
.870 
.867 
.846 


.128 
.089 
.062 
.011 
2.98 


.948 
.910 
.876 
.848 
.812 


.777 
.749 
.719 
.686 
.662 


.884 
.828 
.818 
.802 
.792 


.818 
.807 
.801 
.296 
.292 


.285 
.279 
.276 
.270 
.265 


.261 
.267 
.262 
.248 
.245 


.241 
.287 
.284 
.280 
.227 


.782 
.772 
.768 
.768 
.746 


.786 
.728 
.719 
.711 
.708 


.694 
.687 
.680 
.671 
.666 


.224 
.221 
.218 
.214 
.212 

355 
.206 
.208 
.201 
.198 


.196 
.198 
.191 
.188 
.186 


.060 
.069 
.068 
.067 
.066 


.056 
.066 
.064 
.068 
.062 


.184 
.182 
.180 
.178 
.176 


.174 
.172 
.170 
.168 
.167 


.061 
.060 
.049 

ToiS 

.047 
.046 


:5i8 


defleot'n 
o    /    // 

8  0101 

2  6908 

6717 

65  28 

68  48 

6157 
6016 
48  88 
4667 
4620 

48  46 
4218 
4042 
8912 

87  46 

8619 
84  64 

88  81 
8210 
80  60 


DC    VB    H 


2.68 
.606 
.679 
.658 
.580 


.508 
.477 
.462 
.429 
.406 


.882 
.867 
.889 
.816 
.296 


"2915 
2814 
26  67 
26  42 
24  29 

"2817 
22  06 
2066 
19  44 
18  89 

17  88 
16  27 
16  28 
1819 
1817 

T2IB 

1114 

1016H 

916 

816 

7  22 
626 
6  29 
486 

8  42 


.276 
.258 
.282 
.218 
.194 

TtI 

.167 
.188 
.119 
.102 


0.66 
.652 
.642 
.688 
.688 

7526 
,619 
.618 
.607 
.601 


.596 
.689 
.685 
.679 
.674 


.156 
.156 
.168 
.162 
.160 

115 


.568 
.668 
.668 
.649 
.644 


.084 
.067 
.061 
.088 
.018 


.924 
.909 
.896 
.880 
.866 


.542 
.684 
.680 
.626 
.621 


.141 
.189 
.188 
.187 


.517 
.618 
.608 
.606 
.600 

T49S 
.492 
.489 
.485 
.481 


68  84 
67  46 
66  67 
6610 
6628 


607 
6861 
68  07 
6222 
6188 


.851 
.889 
.826 
.812 
.799 


.786 
.778 
.760 
.747 
.785 


.186 
.186 
.184 
.182 
.181 

Tl85 
.129 
.128 
.127 
.126 

Tl2j 
.124 
.128 
.122 
.121 


.460 
.466 
.468 
.460 
.447 


.725 
.714 
.708 
.692 
.681 


.669 
.668 
.647 
.686 
.626 


.448 
.440 
.487 
.484 
.481 


.429 
.426 
.428 
.4201 
.417 


7118 
.412 
.409 
.406 
.404 


.111 
.110 
.109 
.109 

aoS 

.107 
.106 
.106 
.106 


.104 
.104 
.108 
.102 
.102 


W8 


.08t 
.081 
.08: 


.08^ 


.08S 


■jOSS 


.081 


.080 


.029 


.028 


.027 


.026 


TSjST 


j 


Vi3L&C.-F&rLavm9  0MCyirvn.     Ct>ord  A  B  =  2Sf} M  "r  li»b,.  <"  ^ 

omimMlliptiofmst.    (SMFiK-A,8«o.319z.)                        | 

M^ 

tu^jx 

DO 

ri 

HO 

WB 

^ 

^ 

i.ie 

.291 

HS 

.078 

.018 

8100 

150  6£ 

l.Sl 

,404 

.101 

.026 

4800 

11967 

20 

6018 

.60S 

.401 

.100 

20 

1986 

.167 

.289 

.072 

40 

49  80 

.698 

,398 

.099 

40 

1918 

,152 

.288 

,072 

60 

4848 

.688 

.896 

.099 

60 

1861 

.146 

.287 

.072 

80 

m6 

4807 

""47T7 

.678 

355 

.898 

.891 

.098 

80 

1880 

ism 

.141 
.188 

.286 
:284 

.071 

iOTi 

„ 

-m 

440S 

20 

4647 

.568 

,888 

.097 

.024 

20 

17  47 

.181 

.288 

.071 

40 

4607 

.648 

.886 

.097 

40 

17  96 

.126 

.262 

.071 

60 

4628 

.684 

.884 

.096 

60 

17  06 

.121 

.280 

.070 

80 
8300 

4460 
~44ll 

3 

.861 

.096 

80 
WJH 

1946 
1624 

.116 

.279 

.070 

— 

nn 

:576 

ao 

48  S4 

.606 

.877 

.094 

20 

1604 

.106 

.277 

.069 

.017 

40 

4267 

.497 

.874 

.094 

.028 

40 

16  44 

.102 

.270 

.069 

60 

4220 

.469 

.872 

.098 

60 

16  24 

.097 

.274 

.069 

80 

4148 

.460 

.870 

,008 

60 

16  04 

.092 

,278 

.068 

mo 

-4108 

in 

:S68 

7m 

MW 

14  44 

1S7 

:27ii 

M^ 

20 

4082 

.462 

.866 

.092 

20 

14  25 

.083 

.271 

.066 

40 

8964 

.468 

.868 

.091 

40 

1406 

.077 

.269 

.067 

60 

89  22 

.446 

.861 

.090 

60 

1847 

.078 

.266 

.067 

80 

8846 

.487 

.869 

.090 

60 

828 

.069 

.267 

.067 

sm 

-SgT4 

TtiB 

:867 

■m 

m 

iTuu 

-fsm 

:og4 

"265 

:067 

20 

87  41 

.421 

.866 

.089 

20 

2  51 

.059 

.266 

.066 

40 

8708 

.418 

.868 

.088 

40 

12  82 

.064 

.264 

,066 

60 

86  86 

.406 

.861 

,068 

60 

1214 

.060 

.263 

,066 

80 

86  08 

.897 

.849 

.087 

80 

1166 

.046 

.282 

.066 

ma 

~Mm 

'rsse 

lEi; 

im 

48O0 

lite 

TSE 

:28i 

Tom 

1)I6 

20 

84  69 

.861 

.846 

.086 

20 

1120 

.088 

,260 

.066 

40 

84  27 

.874 

.844 

.086 

.021 

40 

1102 

.084 

.269 

.066 

80 

88  67 

.866 

.812 

.086 

60 

1044 

.030 

.268 

.066 

80 

8826 

.868 

.889 

.086 

80 

10  27 

.026 

.267 

.064 

8700 

~S2bS 

TSM 

1S88 

-ISG 

iSoo 

"itrro 

:tj^ 

:266 

Tom 

" 

20 

8226 

.844 

.886 

.084 

20 

958 

.016 

.266 

.064 

40 

8166 

,887 

.884 

.084 

40 

986 

.018 

.268 

.068 

60 

8127 

.880 

.888 

.088 

60 

919 

.OOi 

.262 

.063 

80 

8067 

.828 

.881 

.088 

80 

902 

.004 

.261 

.068 

sm 

"am 

:5i6 

7525 

:m 



eouii 

-846 

LOO 

:260 

T06i 

20 

8000 

.809 

.827 

.062 

20 

829 

.249 

.062 

40 

29  82 

.802 

.«26 

.082 

40 

818 

.248 

.062 

eo 

2904 

.296 

.824 

.081 

.020 

60 

766 

.247 

.062 

80 

2887 

.288 

.822 

.081 

80 

7  41 

!064 

.246 

.062 

sm 

"a» 

T^ 

.8;!1 

.OBU 



610U 

— f26 

^81 

:246 

T061 

20 

2748 

.27a 

.819 

,080 

20 

709 

.977 

.244 

.061 

40 

2716 

.269 

.817 

.079 

40 

658 

.978 

.248 

.061 

M 

S6  49 

.262 

.816 

.079 

60 

888 

.969 

,242 

.061 

80 

26  28 

.266 

.814 

.079 

80 

622 

.966 

.241 

.060 

sm 

"WSf 

:iM 

7812 

:078 

TUIS 

6200 

6  07 

,962 

;24i 

.060 

20 

2S21 

.248 

.811 

.078 

20 

6  62 

.968 

,240 

.060 

40 

2S0C 

.287 

.809 

.077 

40 

587 

.964 

.289 

.060 

eo 

2441 

.281 

.806 

.077 

60 

G22 

,960 

,238 

.059 

60 

24  18 

.226 

.806 

,077 

60 

607 

.947 

,287 

.069 

7220 

TSOS 

.078 

5800 

-rm 

:94i 

Im 

T069 

20 

28  27 

.214 

.804 

.078 

20 

487 

.940 

,236 

.069 

40 

'2308 

.802 

.076 

40 

428 

.886 

.284 

.069 

60 

23  89 

.801 

.075 

60 

409 

.988 

,288 

.058 

80 

2214 

.299 

.076 

80 

361 

,929 

.282 

.058 

4aoo 

-^TU 

TToI 

7255 

1176 

— 

Sioo 

-340 

.ana 

382 

T058 

20 

2126 

.296 

.074 

20 

8  26 

.928 

,231 

.068 

40 

2105 

.296 

.074 

40 

8  12 

.919 

.230 

.066 

60 

2042 

.298 

.078 

60 

268 

.916 

.229 

.057 

80 

2020 

.16t 

.291 

.078 

,018 

80 

244   .9121.226 

.067 

.014 



___ 

~ 
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CANALS. 
820.  Id  loeaUoff  &  oanal,  rerereooe  mueC  be  had  to  the  kind  of  TesMlfl  to 
b«  DB«d  thereon,  and  the  depth  of  water  reqaired ;  the  trafho  Hcd  resoiircei 
of  the  aurrounding  country  ;  the  effect  it  may  have  in  draining  or  over- 
flowlng  certain  lands ;  the  feeders  aild  reservoirs  necesBar;  to  keep  the 
sammit  leTel  always  eupplied,  allowing  for  OTaporatiou  and  leakage 
through  porous  banks,  eto.  The  oanal  to  'have  as  little  inoUnition  ae 
possible,  BO  as  not  to  offer  any  resistaace  to  the  passage  of  boats.  To  be 
m  IcKiated  that  its  distsooe  will  be  as  short  as  possible  between  the  cities 
and  towns  through  or  ueur  wbich  it  is  to  pass.  To  hare  its  calling  and 
fllling  OB  nearly  equal  aa  the  nature  of  the  case  will  allow.  To  bate 
anfficient  slopes  Bud  berms  as  will  prevent  the  banks  trom  sliding.  The 
bottom  width  oaght  to  be  twice  the  breadth  of  tbe  largest  boat  which  ia 
to  pass  through  it.  The  depth  of  water  18  inches  greater  than  tbe  draft 
»r  depth  of  water  drawn  by  a  boat 

Iba-path.  About  12  feet  wide,  being  between  2  and  i  feet  aboie  the 
lerel  of  tbe  water,  and  baTing  its  surface  iaelined  toward*  the  canat 
sufficiently  to  beep  it  dry.  Vegetable  soil,  and  all  such  as  are  likely  l« 
be  washed  in,  are  to  be  remored.  Where  there  ia  no  tow-palh,  a  berm  or 
bench,  2  feet  wide,  is  left  in  each  side,  about  18  inches  abote  the  water. 

Fetden  may  have  an  inoiination  not  more  (ban  2  feet  in  a  mile,  to  be 
oapable  of  supplying  four  or  five  times  tbe  necessary  qoantity  of  watsr 
to  feed  the  tumrnit  levtt, 

Etiervoiri,  or  batiiu,  may  be  made  by  eicaTation,  or,,  in  a  hilly  country, 
bj  damming  tbe  ravines.  Ther^re  many  ioBtaaces  of  this  on  the  Rideaa 
Canal  In  Csaada  ;  also,  on  that  built  by  the  author,  connectiog  the  Chats 
and  Chaudiere  lakes,  on  the  river  Ottawa,  in  the  same  country. 

This  necessarily  requires  that  an  Act  of  the  Legislature  shonld  empower 
them  to  enter  on  any  land,  and  overflow  it  if  necessary,  and  have  oommis- 
siODers  to  assess  tbe  benefit  and  damages. 

Ihajl  is  the  depth  of  water  required  to  float  the  boat. 

Lift  is  the  additional  quantity  required  to  pass  the  boat  from  one  loolc 
into  another. 

A  boat  aicerulmg  to  the  Bummit  has  as  many  lifts  as  there  are  drafts. 

A  boat  daeendmg  from  a  snmmit  to  a  lower  level  has  one  more  lift  than 
drafts. 

Let  the  annexed  flgnre  represent  a  canal,  where  there  are  two  loeks 
ueending  aUd  two  descending ;  there  are  four  lifts  and  three  drafts. 


To  Aieaid  from  A  (o  B  o/Lock  1.  (Sea  annexed  flgnre.)  Boat  arrives 
at  gate  a;  flnds  Id  it  one  prism  of  draft,  and  the  other  lock  empty.  Now, 
all  these  locks  tnuBt  be  filled  to  enable  the  boat  to  arrive  at  the  summit 
level  B  C.  Let  L  =  prism  of  liO,  and  D  =  prism  of  draft;  then  it  is 
plain  that  to  ascend  from  A  to  B  requires  two  prismB  of  lift  and  one  of  draft, 
and  patting  n  ^  2,  or  the  nnmber  of  locks,  the  quantity  required  to  pass 
the  boat  =  n  L  +  (n  —  1)  D. 


ToDintadfnmCtol}  —  2\oe'kM.  In  lock  8,  one  primn  of  lift  will  b« 
UliiD,  uid  one  of  draft  The  prism  of  Uit  pueea  lato  look  A,  together 
with  one  of  draft,  thug  using  two  priama  of  draft  and  one  of  lift,  which  ia 
eafficient  to  paas  Che  boat  from  CtoD  =  L-i-2D.     Or,  . 

To  aKsend  =  n  L  +  (n  —  1)  D.- 

To  descend  =  L  -|-  2  D.  Add  theie  two  eqaations.  The  whole  qoan- 
tily  from  A  to  D  =  (n  +  1).L  +  (n  +  1)  D  =  (n  +  1) .  (L  +  D). 

B*«b  additional  boat  puaing  in  the  same  order  requiree  two  prisma  of 
lift  and  two  of  draft ;  that  is,  the  additional  discharge  =  2  {N  ^  I) 
(L  -\-  D).  Here  N  ^  number  of  boats;  therefore  the  whole  disobarge 
=  (n  +  1)  {L  +  D)  +  (2  N  -2)  (L  +  D)  =  (2  N  +  n  ~  1) .  (L  +  D). 
To  tbia  most  be  added  the  loss  by  eiaporation  and  leakage.  ETaporatlon 
may  be  taken  at  half  an  inch  per  day.  From  one-third  to  two-tUrda  of 
the  run-fall  may  be  collected. 

The  engineer  will,  when  the  channel  ia  in  alaty  or  porons  soil,  coTer  it 
with  a  layer  of  flat  stonea  laid  in  hydraolio  mortar,  haring  previoaaly 
Wiered  it  with  Sne  sand. 

Loda  to  be  one  foot  wider  than  the  width  of  beam,  18  inches  deeper 
than  draft  of  boat,  and  to  be  of  a  sufficient  lengtii  to  allow  the  rndder  to 
be  ahifled  from  aide  to  side.  . 

BofUn  to  be  an  inTerled  arch  where  it  is  not  rock.  Where  the  bottom 
ia  not  solid,  driTe  piles,  on  which  lay  a  sheeting  of  oak  ptank  to  receiie 
the  masonry. 

The  channel  to  haTe  Tecesaes  to  receiTi  the  lock  gttea- 

The  look  gates  'to  make  an  angle  of  64°  i\'  with  one  another,  bring 
that  which  gitea  them  the  greatest  power  of  resisting  the  preasnre  of  the 
priam  of  water. 

Ratrvoirt  are  made  in  natnraJ  raTines  which  may  be  foand  abore  the  aom- 
mit  letel,  or  they  are  e  jcavated  at  the  necessary  heights  aboie  the  summit 

Damt  are  made  of  solid  earth  or  masonry.  When  of  earth,  retnove  the 
■orface  to  the  depth  where  a  firm  foundation  can  be  had;  then  lay  the 
earth  in  layers  of  eight  or  tweWe  inches  ;  hare  it  puddled  and  rammed, 
layer  after  layer,  to  the  top.  Slopt  next  the  water  to  be  three  or  fonr 
base  to  one  perpendieolar  (see  sec.  147).  OtiUidt  tlopi  about  two  or  two 
and  a  half  base  to  one  perpendicular.  The  face  next  the  dam  is  heed 
with  stone.     For  thicktuu  of  the  top  of  Vie  dam,  see  EmhankmeHU  (sec.  819). 

I^SttOuttht  Seeticn  of  a  Canal  uAtn  the  Sitrface  U  LevtL 

821.  Let  the  bottom  width  A  B  =  80  feet,  height  of  cutting  on  the 
centre  stake  H  F  =  20  feet  =  A,  ratio  of  elopes  2  to  1  ^  r— that  is,  for 
1  foot  perpendicular  there  is  to  be  2  feet  base,  20  X  2  ^  40  ^=  base  for 
each  slope  =  CQ  =  ED,  and20x2x2  =  80  =  total  baae  for  both 
alopes.  Bottom  width  =  30;  therefore,  80  -|-  80  =  110  =  width  of 
outUng  at  top  =  C  D;  and  110  -{-  80  -f-  2  X  ^  =  aectJonal  area  = 
1400.     In  general,  ■= 

8  =  (b  +  hr)h  =  sec'l  area  in  f(.  H 
C'='(b-j-hr)bLf^  eubic  content.  11 
Here  8  '=  traneierse  sectionil  ares.  11 
C  ^content  or  the  section,  b  =  bot  ll 
torn  width,  h  =  height,  r  ^  ratio  ol  ll 
slope,  and  L  ^  length  of  secUon.       Q 
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T\>  Set  Out  a  Section  when  the  Surface  ie  an  IneUned  Plane,  aa  in  fig.  44. 

821a.  This  oase  requires  a' catting  and  an  embankment  We  will 
sappos^the  slopes  to  be  the  same  in  both. 

Let  the  surface  of  the  land  be  R  Q,  the  canal  A  B  =  bottom  =  b  = 
80  feet.  Height  H  G  =  20,  ratio  of  slopes  of  exoaTation  and  embank- 
ment =  1}  base  to  1  height — that  is,  ratio  of  slopes  =  r  =  1}  to  1. 

At  the  centre  G  set  up  the  level ;  set  the  leveling  staff  at  N ;  found 
the  height  S.N  =  5  feet;  measured  G  S  =  20.61,  and  G  N  =:=  20;  be- 
cause the  slopes  being  l^to  1,  the  slope  to  5  feet  =  7};  .-.  G  F  =  12}, 
and  G  M  =:  27 j^  feet;  and  the  slope  corresponding  to  H  G  =  20  X  ^'^ 
=  8^  which  added  to  half  the  bottom,  gives  G  G  =  45. 

To  Find  G  £  an<i  G  Q. 

G  M  :  G  S  ::  G  G  :  G  E;  that  is, 
27.6  :  20.61 ::  45  :  G  E  =  88.72  feet 

Let  the  top  of  embankment  P  0  =  20  feet;  then  G  P  =  65. 
GF:GS::GP:GQ;  that  is, 
12}  :  20.61  ::  65  :  G  Q  =  107.17  feet 

Having  G  £,  G  Q,  G  S  and  S  N,  we  can  find  the  perpendicular  Q  Y. 
GS:SN::GQ:Qy. 

20.61 :  5  : :  107.17 :  Q  V  =  26,  which  is  perpendicular  to  the  surface  G  V. 
20.61  :  5  ::  G  £  =  88.72  :  £  F  =  8.18  feet 

G  V>  ==  G  Q>  —  Q  V>;  .*.  we  can  find  G  V  =  108.96;  and  bj  taking  65 
from  the  value  of  G  V,  we  find  103,96  —  65  =  88.96  =  P  V. 

To  Find  the  Point 'Sl, 

We  find,  when  the  slope  G  Q  continues  to  R,  that  by  taking  G  «  =  20.61, 
n  «  =  5,  n  t  =  7},  G  t  =:  12},  and  e  t  is  parellel  to  B  R;  .-.  G  t :  G  « 
::  G  D  :  G  R;  but  G  D  =  15  +  20  X  li  =  45,  .-. 
12.5 :  20.61 : :  45  :  G  R  =  74.19. 

To  Find  G  d  =  H  a,  and  Area  of  Cutting. 

WehaveG«:  Gn::  GR:  Gd;  that  is, 

20.61  :  20  : :  74.19  :  G  d  =  H  a  =  71.99. 

G  n  :  ft  «  : :  G  d  :  R,d ;  that  is, 

20  :  5  : :  71.99  :  R  d  t=  17.9975. 

But  H  G  =  a  <f  =  20 ;  therefore  R  a  =  87.998 ; 

andHa  —  HB  =  7 1.99  — 15  =  B  a  =  56.99.     Let  us  put  18  =  17.9975. 

GH  +  Ra  20  +  88 

Areaof8ec.HGRa= — XHa=— -!^^ — X  71.99  =  2087.71 

2  2 

Deduct  the  A  B  R  a  =  56.99  X  19  =  1082.81 

Area  of  the  figure  G  H  B  R  =  1004.90 

HG 
Area  G  H  A  C  =  (G  G  +  A  H)  X  -^  =  (46  +  15)  X  10,  «00 

Area  of  the  figure  C  G  R  B  A  =  1604.90 

Deduct  triangle  G  E  C  =  46  X  half  of  E  f  =  45  X^^f  184.05 

Area  of  B  A  E  G  R  =  1420.85 


Or  ilaat 

We  hiTe  B  a  b J  eslcnlation  or  from  the  level  book,  38  Dearij.     Xiao, 

Eg  =  gf—  Ef  =  20  —  8.18  =  11.82,  which  multiplied  bj  ratio  of  slope, 
gives  A  E  =j  17,78,  and  H  g  =  83.72.  But  ftom  aboie  w»  haToH  a  = 
71.99;  .-.  71.99  +  32.73  =  a g  =  104.72. 

?-^  X  (E  B  +  R  a)  =  52,86  X  (11.82  +  38)  =  1  g  •  B  =  2608.68 
DednctiEiA  +  ABBaii.»,,— — ^    '''.    +56.99X19  =  1167-59 

Area  of  the  Beclien  B  E  A  B  =  1420.99 

Nearly  the  same  area  as  above.  The  difference  is  due  to  aslliug  17.9976 
=  18. 

To  Find  tht  Em&anknteal. 

We  have  Q  V  =  26,  PV  =  88.96,  E  f  =  8.18,  P  C  =20,  G  r=  82.72, 
andCF  =  GC  —  OP  =  46  —  32.72  s=  12.SB 

a  V  =  45  +  20  +  88.96  =O.C  +  CP  +  PV=  108^ 

0  S  :  O  N  : :  O  E  r  O  f ;  that  is, 

20.61  :  20::  38.72  r  G  f  =  33.72.  This  taken  from  0 Cor 45 will  gite 
CF=42,2S:  .-.  fV  =  12.28  +  20  +  38.98  =  71.24 

J(QV  +  Ef)  =  J(26  +  8.18)=  17.09 

The  prodnot  =  area  of  Q  V  F  E  =  1217.4916 

Deduct  A  C  r  E  =  4.09  X  12.28  =  iEfXCf=  60.22 

Also  deduct  A  «  V  P  =  88.96  X  13  =  .606.48 

Sum  to  be  aubtraoled,  656.70 

AreaofsecdooQPCE  =•  660.79 

To  SttOffOie  Boundary  of  a  Canal  or  Rinlaay. 
S2U.     Let  the  width  from  tbe  centre  stump  or  stake  0  to  'boandarf 


line  =  100  feet,  if  the  ground  is  an  iociiaed  plane,  a»  fig.  44.  We  can 
say,  asON:OS;:Of:QE;  i.  t.,  20:20.61::  100  :  0  E  =  103.06. 
Otherwise,  lake  a  length  of  20  or  80  feel,  and,  with  the  assistant,  meas- 
ure carefully,  dropping  a  plumb-line  and  bob  at  the  lower  end,  and  tbua 
continae  to  tbe  end.     This  will  ba  anfficientiy  accurate. 
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To  Find  At  Arta  of  a  SectUm  of  Etemaliim  or  Bmbmkmait  tuch  at  ABDC. 

822.  Let  r  ^  r*ti«  «r  elopes,  D  =^  greaUr  aod  d  =•  leeser  deptb,  *ad 
b  ^  bottom  width. 

We  have  (i  r  =  A  E,  and  D  i- 
—  BF;  .-.(D  +  d)  r  +  b  = 
B  F.    Bat  E  P  X  (D  +  I*)  = 
toiee  Ibe  Bren  of  C  E  F  D ;  1. 1., 
{(D  +  d)r  +  b}.(D  +d)  = 
double  area  of  C  £  F  D. 
(Ds  +  2Ud  +  d")r  +  {D  +  d)b 
=  double  area  of  C  E  F  D. 
d>  r  =  2  A  A  C  E,  md  D^  r  =  2  A  B  D  F ;  tboM  tttkea  from  the  Ttlne 
of  twiee  the  area  of  C  D  F  D,  girea  the  r«qair«d  aiea  of  A  C  D  B  =  2  D  dr. 
This  dirided  b^  2  will  pit  the  area  of 
ABCD  =  Ddr+  (— ^)  b. 

RaU.  Hultipl;  the  helgbte  and  ratio  together ;  to  tJbe  prodnct  add  tti« 
prodnot  of  half  the  heights  multiplied  by  the  base.  The  Bum  will  be  the 
area  of  A  B  C  D,  when  the  alopa  on  both  nda  art  eiptaL 

EiampU.     Let  bottom  b  =^  SO,  d  ^  10,  D  =  20,  ratio  of  bue  to  per- 
peodioalar  =  r  =  2,  to  fiad  the  area  of  the  section. 
Dd.  r  =  10X20X2=  400 

D  +  d 
(— ^)X1>  =  16X80=  •  *6» 

Area  of  section  A  B  D  C  =>  •  SGO 

S22a  Let  the  elopes  of  A  C  and  B  D  be  unequal ;  let  the  rati»  of  slope 
for  A  C  1=  r,  and  that  for  B  D  =  R.  Eequired  area  of  A  B  D  C  ^ 
b  R  +  r 

-.(D  +  d,)  +  -n_.(Dd.). 

RuU.  Multlplj  the  Bum  of  the  two  beighta  by  half  the  base,  and  net* 
the  product. 

Multiply  the  produot  of  the  heights  bj  half  the  sum  of  the  ratios,  and 
add  the  product  to  the  product  aboTe  noticed.  The  sum  of  the  two  prod- 
uots  will  be  tbe  required  area. 

EzanpU.  Let  the  heights  and  base  be  as  in  the  last  ezami^;  nti»of 
■lope  A  C  =  2,  and  that  of  slope  B  D  =  S. 

^(D  +  d.)=15X80=  460 

— i^ .  D  a.  =3  2.5  X  200  =  600 

ATMorAFDO=  060 

La  th»  Surfact  of  tht  Side  of  a  BUI  Cut  tht  Bottom  of  iht  Canal  or  Boad 
Btd,  ai  in  Fig.  47. 
S22b.  Here  A  B  is  the  bottom  of  tbe  oaaal  or  road,  A  C  and  B  D  its 
sides,  having  slopes  of  r.  D  E  ^  the  surfaoe  of  tbe  gronnd,  Q  W  =  d^ 
lesser  height  below  the  bottom,  and  to  the  point  where  tbe  slope  A  C 
produced  wiU  meet  the  surface  of  tbe  ground.  J)  H  =  I>  =:  greater 
height  oinie  the  belton. 
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Thronph  F,  draw  F  E  p»raU«1  to  A  H ;  Uira  DK  =  D-)-d,aiidAH 
=  b  +  rD,  and  Aa  =  rd;  tlicreroT«  PK  =  QH  =  b  +  rD  —  rd 
^  b  -)-  (D  —  d)  r.  Bnd  b;  similar  triangles. 

D  K  :  E  F  : ;  D  H  :  U  H  ;  that  is, 

BD4-rD»  —  rdD 
D  +  d:b  +  rD  — rd:!D:MH= 

^  D  +  d 

Bat  H  H  X  I>  H  ^  t*<c«  the  nr«a  of  /^  M  D  H,  and  twice  the  area  of  A 
BDH  =  BHXDH  =  R<lXD  =  rD*; 

b  D»  +rD»  — rdD» 
.-.  twice  area  of  A  M  D  B  ■- ■ r  D« 


D  +  d 
(b  — 2rd)D> 


D  +  d 

"  ^    2(D  +  d)    ' 

ifb  — rdlD* 

Or  =  11 ; —  which  is  that  giTen  by  ffir 

D  +  d 
John  MeNril  in  his  nlaable  tables  of  earthwork. 

Bute.  From  half  the  base  take  the  prodact  of  the  ratio  of  slopes  and 
height  below  the  bed  i  multiply  the  differeoee  by  the  square  of  the  height 
aboTe  the  bed  of  road  or  canal ;  diTide  this  prodact  by  the  snm  of  the  two 
Iieights;  the  qaotient  will  be  the  area  of  the  section  M  D  H. 

£camplc.  Let  base  =40,  ratio  of  slopes  1}  to  1,  height  Q  F  below  the 
bed  =  6},  height  D  H  aboTS  the  b«l »  20  fMt,  to  find  the  uM  of  the 
section  M  D  B.     (See  figure  47.) 


Hair  the  base  = 
rd=.  5.5X1-6  = 


DiTide  4700  by  D  +  d  =  20  +  6.5  =     25.6 
The  quotient  =  area  of  M  D  B  =  184.318  feet. 

7b  Jlnrf  Uu  Mtm  HtigM  of  a  Oivai  SteSiim  vhait  Ana  za  A,  Bat*  =•  b, 
Satu>o/SlopM  =  t. 

823.     Let  X  =  required  meao  height;  then  mean  width  =>  b  +  r  z; 
this  molUplied  by  the  mean  height,  giT«s  bz  +  rx'^'A^  giT«n  nre*. 


Complete  the  iqnsrs: 


'''"2r™°  2r 

Heui  height  «>  i  =  (*  *  '  +  *>*)'  _        and  by  eubslitating  tbe  T«lne  of 

A  in  ■«.  822, 

]<JDdr»  +  fD  +  d)2bi-  +  b'|i-b 
^^\  2r  ' 

Bale.  To  the  iqnare  of  the  bue,  add  fanr  timee  the  area  mnUipUed  b; 
the  Mtlo  of  the  ilopee;  take  the  aqDare  root  of  tbe  product;  diride  Ibis 
root  b;  twice  tbe  ratio,  and  from  the  qaotieat  take  the  ba«e  divided  tj 
twioe  the  ratio.     Tbe  differenae  will  be  the  required  mean  height. 

ExanipU.  Let  as  take  ^e  last  example,  where  the  bue  b  =?  lO,  ratio 
r  <e1},  area  >■  184.813  iqnare  feet 

4  Ar  =  184.218  X*X  1-6=  1105.878 

b»  =  40X*0="  1600 

2706.878 
Sqnare  root  of  2706.878  =  •  63.018 

Thia  root  dirided  by  2r  =i  S  gires «  17.880 

b        40 
From  tbia  take  —  =  —  =  18.888 

2r       8  

OiTSB  the  mean  hsiglit  =  4.006,  or  =  4  feet  nearly. 

4  r  ^  8,  to  whioh  add  base  40,  sum  ^  46 

Approximate  mean  height,  4 

TiT 

Area  nearly  aa  above. 

It  need  not  be  obaerred  that  if  we  took  the  mean  belgbt  ^  4.009,  we 
would  find  184.813  nearly.  Oar  object  here  ia  to  show  the  method  of 
applying   tbe  formnla,  to   Chose   who  baTs  no  knowledge  of  algebraic 

Or  by  plotting  the  section  on  a  large  scale  on  cartridge  paper,  the  area 
ftnd  mean  depth  oan  be  oompnted  by  measurement  Tbe  mean  height* 
are  those  used  in  neing  McNeil's  tables  of  earthwork,  and  also  in  Sndiog 
the  middle  area,  necessary  for  applying  the  prismoidal  formnla. 

Rait  2.  To  fonr  times  the  product  of  the  heights  and  ratio  add  the 
oontinnal  product  of  the  sum  of  the  two  heights  by  twice  the  base  multi- 
plied by  the  ratio ;  to  this  sum  add  the  sqaare  of  the  base ;  from  the 
square  root  of  this  last  -sotn  subtract  the  base,  and  divide  tbe  difference 
by  twice  the  ratio.     The  qnotient  will  be  the  mean  hdght 

Example.     D  =  70,  d  =  80,  b  =  40,  r  =  1. 

70  X  80  X  4  X  (70  +  30J  X  80  =  18*00 


It  =-  184.164,  which,  divided  by  2,  gives  47,062,  tbe  a 
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Another  Praetical  Mttftod. 

824.  Let  A  B  ^  base  =  b,  G  D  B  A  «»  required  section,  whoilBe  are* 
s=  A,  and  mean  height  Q  R  is  required  ^  ratio  of  slopes  perpendicular  to 
base  is  as  1  to  r.     (See  fig.  48.) 

We  have  PQX2r  =  AB=b;  that  is, 

b  *  b» 

P  Q  =s  — ;  this  X  ^J  ^«  ^*8®  gi^«*  twice  area  oT  A  A  B  P  = — ; 
2r  2r 

therefore,  area  ^  A  B  P  =  — ;  consequently^ 

4  r 

b^ 
area  of  A  C  P  D  =  —  -|-  A,  or  putUng  area  of  ^  A  B  P  =  a, 

4  r 

we  have  area  ^CPD  =  A-fa,  and  by  Euclid  VI,  prop.  19, 

AABP:APCD::PQ»:P  R^; 

b« 
thatis,  a:  A4-a::  — -  :  P  R». 

4r« 

(A  +  a)  b« 

p  Rs  s  ^ i —  take  the  sqtiare  root, 

4  a  r* 

Q  R  =  ((^^±^)*.  ^  -  ^)  =  ^^  l^eight 
^       a  2r      2r' 

Example.  Let  A  B  »?  b  =s  20,  ratio  =s  2.  Giyen  area  of  tiie  sectioA 
1200,  which  is  to  be  equal  to  the  section  A  B  G  D,  whose  mean  heighl 
is  required. 

b^ 
The  constant  area  of  ^A'B'P  is  always  =  —  ^50. 

4  r 

(A  +  «)*=  (1200  +  60ji  _  (1250ji  =.  ^26  =  6. 
a  •  5U  50 

b        20 
Multiply  by  —  :^  —  6. 


25,  product.' 
b 

2r  

Q  R  s  mean  height  =»  20. 

In  this  example  and  formula  the  slopes  are  the  same  on  both  sides'. 
Let  R  sss  greater,  and  r.  =  lesser  I'atio ;, 

then  Q  R  =  (^L±J^)*. -5 ^ 


a  R-fr.      R-fr. 

When  the  Slopes  tare  the  Same  on  Both  Sidee. 

825.  Rule.  To  the  given  area  above  the  base  add  the  constant  area 
below  the  base ;  divide  the  sum  by  the  constant  area  of  the  A  '^  ^  ^  i 
multiply  the  square  root  of  this  quotient  by  the  base  divided  by  twice  the 
ratio  of  the  slope ;  from  this  product  take  the  base  divided  by  the  ratio 
of  slope.    The  difference  will  be  the  required  mean  height  =s  L  R, 
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What  lie  Slope*  are  untquaL 
Rule.  To  the  gfvin  area  above  the  base,  add  the  oonBtnnt  area  of  the 
triangle  A  B  P  bctow  Uie  base,  diTide  the  lum  b;  the  oonitaat  area. of  ^ 
A  B  P.  Maltiplj  the  tqnan  root  ot  the  qaotieot,  bj  tiie  base  diTided  hy 
the  aam  of  the  ratio  of  the  ilopct,  frote  the  prodoct  subtract  the  bnse  di- 
Tided by  the  enu  of  the  ratios,  tlie  Uifferenoe  wiU  be  the  required  meaa 
bdght  ^  Q  R. 

Eiampte.     Let  ratio  R  =  ratio  of  Q  B  to  Q  P  =  ratio  to  slope  B  D  =  8, 
•od  r  =  lesser  ratio  orAQtoPQ  =  2. 
20 


=  QR. 


A  B  =  b  =  20,  therefore  P  Q  = =  4. 

R  +  r 
Let  area  of  A  B  D  C  ^  900,  and  eoDstant  area  of  the  triapgle  acder  the 
base  =  40  =  A  =  AABP. 

,A  +  •.  *         b  b  960  +  40    1    20       20  _  Q 

'      a     '     *R  +  r       R  +  r~  "" 

QR  =  6X4  —  4  =  1«- 

826.     Mean  kaghl  niut  not  be  found  by  adding  the  keifil*  an  taek  tide  of 

Vtt  eaUrt  Mlump  or  tlate,  and  Ikta  taki  half  i>f  At  mm  for  a  mean  hdgM, 

This  method  is  commanly  used,  aud  is  very  ernmtoiu,  aa  will  appear  from 

the  foUewiug  example :     Let  the  greater  height  D  H  =  70,  (see  flg.  49,) 

the>B»er  C  G  =  80,  baae  40,  ratio  of  slopes  1  to  1. 

ComdMiihod. 

TO  =  greattir  height    =    D 

80  =  lutMr  =     d 

2)100,  mean  height  =  50 

30  +  40  +70=baseEH  =  140 

SMtionalarea  of 

C  D  H  B  =  7000 
dedact  the  two  triangles 

CEA  +  DBH  =  2900 
Ar«a  4155 


Or,  by  see.  822,  we  eai 
»dr  =  70X80Xl 
DJ-d.b  =  60X40 


2100 
2000 
4100,    required  oomct  area. 


70  +  30  = 
Half  slope 


By  the  Brroneotu  or  Common  Uilked. 

am  of  height*. 

ueaa  height. 


100  =  ™ 

60  =  n) 


n  height 


Area  5000 
Area  4100     correot. 
Difference  900    square  feet. 
From  this  great  difference  appears  that  where  the  n 
quired,  it  has  to  be  calculated  by  the  formula  in  si 
(4  A  r  +  b')  i 


ID  height  = 
n2 


2r 


\ 
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Area  foond  by  the  oomct  melkod  =  4100 

4 


16400  =  4  A 
l=r 


16400  =  4  Af 
1600  =  b* 


Square  root  of  18000  =  184.164, 
and  184.164,  divided  by  twice  the  ratio,  gives  67.082,  from  which  take  the 
base,  divided  by  twice  the  ratio,  leaves  required  mean  height  sss  47.062. 

By  the  common  method  b=       60 

Difference,  2.918  feet 

Or  ihu$,  by  sec.  824:    We  find  the  mean  height  Q  R,  (fig.  49,)  area  of 

triangle  A  B  P,  having  slopes  1  to  I  =  400,  the  perpendicular  P  Q  =  20. 

And  from  above  we  have  the  area  of  the  section  A  B  D  C  =     4100 

.   (^lA^)  *  =  /^tOO  +  400^  ^     4600  ^  t/JS"^  6.7082  ^  ^  ^^^^ 

''^      a    ^  ^        400       '         V^OO  2  2 

=         20 
b  67.8020 


2r 


Less 

2r 


=       20 


Mean  height  Q  R  =      47.802 

TO  ran>  TH>  OOHTXNT  OW  AN   SXCAVATIOH  OR  BHBAmUIKllT. 

In  general,  the  section  to  be  measored  is  either  a  prism,  cylinder,  cone, 

pyramid,  wedge,  or  a  frustmm  of  a  cone,  pyramid,  or  wedge.    The  latter 

is  called  a  prismoid. 

A  Pritm  is  a  solid,  contained  by  plane  figares,  of  which  two  are  oppo- 
site, equal,  similar,  and  having  their  sides  parallel.  The  opposite,  equal 
and  similar  sides  are  the  ends.  The  other  sides  are  called  the  lateral 
sides.  Those  prisms  having  regular  polygons  for  bases,  are  called  regu- 
lar prisms. 

Pritmoid  has  its  two  ends  parallel  and  dissimilar,  and  may  be  any 
figure. 

827.  Priani,  Rule,  Multiply  the  area  of  the  base  by  the  height  of 
the  section,  the  product  =  content,  or  S  =  A  1.  Here  A  =  area  of  the 
base,  and  1  =  the  length  of  the  section,  and  S  =  sectional  area. 

828.  Cylinder.  Rule.  Square  the  diameter,  multiply  it  by  .7854, 
then  by  the  height,  the  product  =  content  =  D>  X  -7854.  Here  D  = 
diameter,  solidity  ==  S  =  A  L  Here  A  =  area  of  the  base,  and  1  = 
length. 

829.  Cone.    Rule.    Multiply  the  square  of  the  diameter  by  .7854,  and 

that  product  by  one-third  of  the  height,  wUl  give  the  content  =S  =  D2  X 

1  A  1 

.7854  X-?-  ^f  solidity  =  -%-  where  A  and  1  are  as  above. 

o  o 

380.  Fruetfum  of  a  Cone,  Rule,  To  the  areas  of  the  two  ends,  add 
their  mean  proportional.  Multiply  their  sum  by  one-third  of  the  height 
or  length,  the  product  =  content 

Solidity  =  S  =  (A  X  »  X  >/~^)  3 
S  ==  (pa  +  d^  +  D  d)  0.2618 

8  =  (D-d  ^)  =Vinill)  X  .2618  c.  Here  t  =  0.7854, 
D  and  d  =  diameters,  1  =1  length,  as  above. 
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Bxample.  L«t  the  mater  diameter  of  a  fhistmm  of  a  cone  be  =s  D  =z 
2,  and  the  lesser  =  d  =  1,  and  the  length  =  16,  to  ftnd  the  content 
Dimensions  all  in  feet. 


A  — 4X0.7854     —     8.1416      — 

8.1416 

a  =  1  X  0.7864              0.7864 

0.7854 

Prodnct  =  2.46741264,  square  root  = 

1.6708 
6.4978 

One-third  the  length, 

5 

Content  or  8    = 

27.489 

Orthw: 

(By  sec.  880.)    D«+d»+Dd  —  4  +  l-f2  — 

7 

1  =  length 

= 

15 
105 

0.7869  =  tabular  number 

« 

0.2618 

8                                                        S 

=s 

27.489  —  content. 

Or  thus: 
D»  —  d»  =  8  —  1           . 

D  — d             1 

» 

t    =       .7854 

6.4978 

15 

8)824670 

S    ==       27.489   »  content 

881.  Pyramid.  Mule,  Multiply  the  area  of  the  base  by  one-third  of 
the  length  or  height,  and  the  product  will  be  the  required  content    Or, 

solidity  =  S  =  -g- 

882.  Frutinm  of  a  Pyramid.  Bute,  To  the  sum  of  the  areas  of  both 
ends  add  their  mean  proportional,  multiply  this  sum  by  one-third  of  their 

height,  the  product  will  be  the  content,  or  S  =  (A  +  •  +  i/  A  a  )- 

8 

Let  the  ends  be  regular  polygons,  whose  sides  are  D  and  d,  then, 
8  =  {  )^o~"      ^^^  ^  ^^  greater  and  d  =  lesser  side, 

t  a=  tabular  area,  corresponding  to  the  given  polygon,  and  1  as  above. 

Rule.  From  the  cube  of  the  greater  side  take  the  cube  of  the  lesser, 
divide  this  difference  by  the  difference  of  the  sides,  mi;dtiply  the  quotient 
by  the  tabular  number  corresponding  to  that  polygon,  and  that  product 
by  the  length  or  height  One-third  of  this  product  will  be  the  required 
content,  the  same  as  for  the  fhistrum  of  a  cone. 

Example.  Let  8  and  2  respectively  be  the  sides  of  a  square  frustrum 
of  a  pyramid,  and  length  =  15  feet. 

A  +  a+i/Aa  =  9  +  4-t-6=  19 

One-third  the  length  =  6 

Solidity  =  S  =  95 

Or  ihutf  by  see.  881 : 
DJ  ^  d^  =r  27  •--  8        19         ^  -g 
D— d  8—2         1 

Tabular  number  per  Table  VIII  a  =  1 

19 
One-third  the  length         «=  5 


8        =  95    ^  content. 

888.     Wedge  has  a  rectangular  base  and  two  opposite  sides  meeting  in 
an  edge* 


£«&.  To  twice  th«  length  of  the  bu«  add  Iha  leogtli  of  the  edg^  mal- 
tiptj  tbis  lum  bj  the  breadth  of  the 
bate,  aoil  Ui«  produet  b;  oDe-tiith 
of  the  height,  the  prodnct  will  be  the 
■olid  ODDtent,  when  tha  ban  baa  ita 
aides  paralleL 

S  ='-(2L  +  i).iA.    Hera 

L  =  length  of  the  reotangiilar  baaa 
A  B,  1  length  of  the  edge  C  D,  b  — 
breadth  of  base,  B  F  and  H  =  height. 

BxampU.     Let  A  B  =  40  faet,  B  P  =  b  =  10,  C  D  =  I  =  80,  and  let 
the  bright  N  C  —  60  faet  =  h,  to  flod  tha  oontant. 
2LX1  — 80  +  80=  110 

J  4  =  10  X  60  600 

6)65000 
Oieti.tiOS  enbie  Ibet 
Let  C  D,  the  edge,  ba  parallel  to  the  lengths  A  B  and  E  F,  and  A  B 
greater  than  B  F,  H  0  ib  perpendionUr  width. 

Sulg  2.  Add  the  three  parallel  edgea  together,  mnltipl;  ita  one-tbird 
bf  half  the  height,  malliplied  by  the  perpendicular  breadth,  the  prodnet 

l.hb. 
will  be  the  required  oontant.     Or,  8  =  J  (L  +  Li  +  1)  +  ■■-^■- 

Here  L  =  greater  length  of  base,  Li  =  leaser  length,  1  =  length  of  the 
edge,  b  =  parpendlcular  height,  and  b  ^  perpendicular  breadtb. 
Let  ns  appl;  thia  to  tha  1a«t  example : 
1  +  Li  -I-  1  _  4ft  +  40  +  80  _  110 

«      '     ~  a         "   ~  "8 

h^h_W><H.    _  230 

Therefore,  content  =  - '?  X  —  => ?^^=  B196.660, u  abore. 

ExampU  2.  Let  A  B  =  4,  E  F  —  2.6,  C  D  =  8,  height  =  12,  and 
widUi  H  Q  ^  Sj,  then  by  Rnle  2. 

4-f8H-2.CX13X3*6  =  B6J  onlnc  feet 

ifoU.  As  Rale  2  angwera  for  anj  form  of  a  iredg«,  whose  edge  is  par- 
allel to  the  base,  tha  oppoaita  aides  A  B  and  E  F  parallel,  withont  aD7 
reference  to  their  being  equal. 


384.  The  priamoid  <e  a  fhistmni  of  a  wedge,  its  ends  beine  parallel  to 
one  another,  and  Iherefore  similar,  or  the  ends  are  parallel  and  diasimllar. 

Whan  tha  section  is  the  fTustnim  of  a  wedge,  it  is  made  np  of  two 
wedgea,  one  haTing  the  greater  end  for  a  base,  and  the  other  having  the 
leaner,  the  content  may  be  foond  b;  rate  2  for  the  wadga. 

Tha  following  rule,  known  aa  the  prismoidal  formula,  will  anawer  for 
a  leetiao  whose  ends  are  parallel  to  one  another.  It  ia  the  aafaat  and  most 
expeditloQB  formula  now  uaed,  and  baa  been  first  introdooed  by  Sir  John 
MaoNeil  in  calculating  his  valaable  tables  on  earth  work,  ootaTO,  pp.  208. 
T  F.  Baker,  Esq.,  U.E.,  has  also  given  a  vary  conoise  formnla,  which,  aa 
man;  perhaps  may  prefer,  I  give  in  the  next  section.  To  Mr.  Baker,  of 
England,  the  world  la  Indebted  for  his  practical  method  of  lajlog  ont 
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FBISMDIDAL   TOBMITLi. 

8  =:  (A  +  »  +  4  M)!*  Here  A  =  btm.  of  greaUr  end,  a  =  ftre»  of 
leswr  end,  M  =  u«a  of  middls  Bection,  and  L  =  lenstb  of  lection.  all 
in  feet. 

BuU,  To  tbe  BOiD  of  the  areu 
of  tb«  tiro  endi,  add  fonr  timea  the 
area  of  the  middle  Motion,  mnlltpl; 
this  •nn  b;  oDo^zth  of  the  length, 
ibe  prodDot  Kill  be  the  required  oon- 
tent,  or  eolidity. 

Here  A  =  area  of  C  A  B  D, 

a^areaofOEFH, 
and  H  =  area  of  swtioti  throagh 
KL. 

BxampU.     Let  the  length  L     =        400  feet. 
Meaohelght  of  leetioD  A  B  DC=         60 
Mean  height  of  aeotion  Q  £  F  H  =         20 
Ratio  of  slopea  =  2  bam  to  1  perpeodioular,  and  bale  ^  SO, 

60  =>  mean  htight,  b;  tto.  S26.    Height  20  60 

2  2  ^0^ 

Hair  baee— 100  for  elopes.  40  2)TU 

80  SO  85 

Heanbr'dth.lBO  Mean  breadth,  TO  _2^ 

Bright,  50  Height,         _20  TO 

6500  a        ="        1400  80 

A         =       6500  100 

H        =      14000  85 

21900  8600  =  M. 

400  =  length. 
G)87UUOUO 
Content  Jn  enbic  feet  =  0|UGOnoO 
»)l6-i2-i-i.22 

540T4.0TcaUo  Tarda. 
On  oomparlBg  this  with  Sir  John   Maelfeil's  table,  ire  And  540.72, 
differanoe  onl;  2  jrarda,  which  ia  but  Tciy  little  in  this  large  teotion. 

Baker't  MtOed  Modified.     {Sitfig.  46.) 

BoUdit,  =  8=  f ;  ^D'  +  D  d  +  d«  -8^«j 

Here  D  3=  greater  depth  fMm  the  tertex,  whose  alopea  meet  below  the 
baae,  d  =  lesaer  depth,  r  =  ratio  of  ilopea,  B  =  base,  1  =  length  of  eeo- 
tion,  all  in  feet  The  depthi  D  and  d  are  fonud  bjr  adding  the  perpen- 
'dionUv  P  Q  to  the  mean  height  q  R  of  eeotion.    (flee  Sg.  48.) 


22 


=  7.6  =  P  Q. 
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D*  «  67.6  X  57.5  =  3806.26 

d«=  27.6X27.6  =    766.26 

Dd  =  67.6  X  27.6  =  1681 .26 


8JB«  _  8  X  SO  X  20  _2700 
4  r«  ™  16  16 


6648.76 
=    168.76 


D«  +  D  d  +d«  -4-^*  =      6476 

4  r* 
r  I  =  2  X  400  800 

81)4880000 

,        ^    .,     ^  .  64074.07,  the  same  u  that  found 

aboTe  by  the  Pnemoidal  formula. 

Tke  ba$et  or  road  bedsBjn^in  England,  for  single  track  20,  double  track 
80  feet  wide. 

And  in  the  United  States,  in  embankments,  single  track  16,  for  double 
trtek  28  feet.    Also  in  excaTation,  single  track  24,  double  track  82  feet. 

In  layimg  out  the  tins,  we  endeaTor  to  have  the  cutting  and  filling  equal 
to  one  another,  obserTing  to  allow  10  per  cent  for  shrinkage ;  for  it  has 
been  found  that  gratel  and  sand  shrink  8  per  cent,  clay  10,  loam  12,  and 
surface  isoil  16.  Where  clay  is  put  in  water,  it  shrinks  from  30  to  33  per 
cent.  *      r  , 

Roek,  broken  in  large  fragments,  increases  40  per  cenL ;  if  broken  into 
small  fragments,  increases  60  per  cent. 

The  foUowmg,  Table  a,  is  calculated  from  a  modified  form  of  Wm. 
Kelly's  formula. 

Content  in  cubic  ya«is  =  L  {b  .  j(?-J-!^+(^^  4^)s} 

Here  L  =  length,  B  =  base,  H  and  h  =  greater  and  lesser  heights, 
r  ==  ratio  of  slope,  d  =s  diflfercnce  of  heights. 

RuU  for  utmg  Table  a.  Multiply  tabular  number  of  half  the  height 
by  the  base,  and  call  the  result  =  A. 

2.  Multiply  the  tabular  of  either  height  by  the  other  height,  &nd  call 
the  result «  B. 

8.  Multiply  the  tabular  number  of  the  difference  of  the  hvi^:ht?  by 
one-third  of  the  difference,  and  call  the  result  =  C. 

Add  results  B  and  G  together,  multiply  the  sum  by  the  ratio  of  the 
slopes,  add  the  product  to  the  result  A,  and  multiply  the  sum  bj  the 
length,  the  product  will  be  the  content  in  cubic  yards. 

Example  <u  in  etcHtm  884.  Where  length  =  400,  base  =  30,  heights 
=  60  and  20,  and  ratio  of  slopee  =  2. 

60  4-20 
—^  =  86,  its  Ubular  number,  by  80  =:=  1.2963  X  80  =  A  =  38.889. 

60  X  tabular  20  «  60  X  7.7407  =  89.0360  =  B. 
10  X  tabular  80  =  10  X  l.llH  =  11.1110  =  C. 

48.1960X2=  ^6.292 

133.181 
Length,  ^__    400 

64072.505  yds. 
By  Sir  John  MaoNell's  Table  XXIII  =  64072 

By  his  prismoidal  formula  =s  £4074.072 

Here  we  find  the  difference  between  table  a  aL  \  il..^ } .:  laoidal  formula 
to  be  1  in  86049. 

Sir  John's  tables  are  calculated  only  to  feet  ac*  2  d.  j.mals.  William 
Kelly's  (civil  engineer,  for  many  years  connectci  wiih  the  Ordinance 
Surrey  of  Ireland)  to  every  three  inches,  and  to  three  places  of  decimals. 
Table  a  is  arranged  similar  to  Mr.  Kelly's  Table  I,  but  calculated  to 
tenths  of  afoot,  and  tofourplaeee  ofdecimaU,  Tables  b  and  c  are  the  same 
u  MaoNeil's  Tables  LVIII  and  LIX,  with  our  explanation  and  example. 


Tablx  a.- 

"For 

tA«  Computation  of  Pmmoidt,  for  aU  Bases  and  Slopes, 

i 

1 
1 

.10 

ad 

6.1 

H 

tl 

12.1 

u 
m 

•3d 

u 

18.1 

id 

24.1 

Si 

80.1 

id 

0.0037 

0.2259 

0.4481 

0.6704 

0.8926 

1.1148 

9 

.0074 

2 

.2296 

2 

.4518 

2 

.6741 

2 

.8968 

2 

.1185 

o 

.0111 

8 

.2833 

3 

.4565 

8 

.6778 

8 

.9000 

8 

.1222 

4 

.0148 

4 

.2370 

4 

.4592 

4 

.6815 

4 

.9087 

4 

.1259 

6 

.0186 

6 

.2407 

5 

.4629 

5 

.6852 

5 

.9074 

5 

.1296 

6 

.0222 

6 

.2444   6 

.46(^0 

6 

.6889 

6 

.9111 

6 

.1888 

^ 
/ 

.0269 

7 

.2481    7 

.4708 

7 

.6926 

7 

.9148 

7 

.1870 

8 

.0296 

8 

.2;'>1S    S 

.47-40 

8 

.6968 

8 

.9185 

8 

.1407 

9 

.0833 

9 

.^o,').-)   :» 

.4777 

9 

.7000 

9 

.9222 

9 

.1444 

1.0 

.0370 

7.0 

.261*1  13,!.' 

.4814 

19.0 

.7087 

25.0 

.9259 

81.0 

.1481 

1 

.0407 

1 

.262.^ 

1 

.4«51 

1 

.7074 

1 

.9296 

1 

.1518 

2 

.0444 

2 

.2705 

2 

.4888 

2 

.7111 

2 

.9888 

2 

.1566 

3 

.0481 

3 

.2802 

8 

.4925 

8 

.7148 

8 

.9370 

8 

.1592 

4 

.0618 

4 

.2839 

4 

.4962 

4 

.7186 

4 

.9407 

4 

.1629 

5 

.0666 

6 

.2778 

5 

.5000 

6 

.7222 

5 

.9444 

5 

.1666 

6 

.0692 

6 

.2815 

6 

.6037 

6 

.7269 

6 

.9481 

6 

.1708 

7 

.0629 

»• 

i 

.2852 

7 

.5074 

7 

.7296 

7 

.9618 

7 

.1740 

8 

.0606 

8 

.2:89 

8 

.5111 

8 

.7388 

8 

.9656 

8 

.1777 

9 

.0703 

'J 

.l:'^26 

9 

.5148 

9 

.7870 

9 

.9692 

9 

.1814 

2.0 

.0741 

H  n 

.2'.«';8 

14.0 

.5186 

20.0 

.7407 

26.0 

.9629 

82.0 

.1861 

li  .0778 

't 

.;-ii"M'(» 

1 

.5222 

1 

.7444 

1 

.9666 

1 

.1888 

2 

.0«15 

4 

•H'j;-: 

2 

.6269 

2 

.7481 

2 

.9708 

2 

.1926 

8 

.0852 

• 

-"  'I 

8 

.6296 

8 

.7518 

8 

.9740 

8 

.1962 

4 

.U>'-^'J 

'1 

r  .   4 

.6388 

4 

.7566 

4 

•9777 

4 

.1999 

5 

.0'.''^^ 

_ 

. 

6 

.5370 

5 

.7592 

5 

.9815 

5 

.2087 

G 

.();•.  ;]   ■ 

* 

6 

.5407 

6 

.7629 

6 

.9852 

6 

.2074 

.l(t<.i) 

• 

7 

.5444 

7 

.7666 

7 

.9889 

7 

.2111 

8 

0.1 1 '87 

t 

' 

8 

0.5481 

8 

0.7708 

8 

0.9926 

8 

1.2148 

9 

.1074 

i^ 

...  \H> 

9 

.6618 

9 

.7740 

9 

.9968 

9 

.2186 

3.0 

.1111 

9.0 

15.0 

.5666 

21.0 

.7778 

27.0 

1.0000 

88.0 

.2222 

1 

.1148 

1 

.8870 

1 

.5692 

1 

.7816 

1 

.0087 

1 

.2259 

9 

.1186 

2 

.8407 

2 

.5629 

2 

.7862 

2 

.0074 

2 

.2296 

3 

.1222 

8 

.8444 

8 

.5666 

8 

.7889 

8 

.0111 

8 

.2388 

!   4 

.1259 

4 

.8481 

4 

.5708 

4 

.7926 

4 

.0148 

4 

.2870 

'   5;  .1296 
f   r,  .1383 

5 

.8518 

5 

.5741 

5 

.7968 

5 

.0185 

5 

.2407 

6 

.8656 

6 

.5778 

6 

.8000 

6 

.0222 

6 

.2444 

.  7  .1870 

1     _  _ 

7 

.8692 

7 

;5815 

7 

.8037 

7 

.0259 

7 

.2481 

.   S  .1407 

8 

.8629 

8 

.5852 

8 

.8074 

8 

.0296 

8 

.2518 

I  <J 

.1414 

9 

.8666 

9 

.5889 

9 

.8111 

9 

.0888 

9 

.2656 

i!4.(» 

.-'4S1 

10.0 

.8704 

16.0 

.5926 

22.0 

.8148 

28.0 

.0870 

84.0 

.2592 

i  1 

.ir,]8 

1 

.8741 

1 

.5968 

1 

1.8185 

1 

.0407 

1 

.2629 

t  •; 

.  ]  555 

2 

.8778 

2 

.6000 

2 

.8222 

2 

.0444 

2 

.2666 

1 

.i/>V2 

3 

.3815 

8 

.6037 

8 

.8259 

8 

.0481 

8 

.2708 

!  4 

.1629 

4 

.8862 

4 

.6074 

4 

.8296 

4 

.0518 

4 

.2740 

F. 

.1667 

5 

.8889 

5 

.6111 

5 

.8888 

5 

.0555 

5 

.2778 

6 

.1704 

6 

.8926 

6 

.6148 

6 

.8870 

6 

.0592 

6 

.2815 

7 

.1741 

7 

.8963 

7 

.6185 

7 

.8407 

7 

.0629 

7 

.2852 

8 

.1778 

8 

.4000 

8 

.6222 

8 

.8444 

8 

.0666 

8 

.2889 

9 

.1815 

9 

.4087 

9 

.6369 

9 

.8481 

9 

.0708 

9 

.2926 

5.0 

.1862 

11.0 

.4074 

17.0 

.6296 

28.0 

.8618 

29.0 

.0741 

85.0 

.2968 

1 

.1889 

1 

.4111 

1 

.6883 

1 

.8555 

1 

.0778 

] 

.8000 

2 

.1926 

2 

.4148 

2 

.6870 

2 

.8592 

2 

.0816 

2 

.8087 

8 

.1963 

8 

.4186 

8 

.6407 

8 

.8629 

8 

.0862 

8 

.8074 

4 

.2000 

4 

.4222 

4 

.6444 

4 

.8666 

4 

.0889 

4 

.8111 

6 

.2087 

5 

.4259 

5 

.6481 

5 

.8704 

5 

.0926 

5 

.8148 

6 

.2074 

6 

.4296 

6 

.6618 

6 

.8741 

6 

.0968 

6 

.8185 

7 

.2111 

7 

.4888 

7 

.6555 

7 

1.8778 

7 

.1000 

7 

.8222 

8 

.2148 

8 

.4370 

8 

.6692 

8 

.8815 

8 

.1087 

8 

.8259 

9 

.2186 

9 

.4407 

9 

.6629 

9 

.8852 

9 

.1074 

9 

.8296 

6.0 

0.2222 

12.0 

0.4444 

18.0 

0.6667 

24.0 

0.8889 

80.0 

1.1111 

86.0 

1.8888 
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Tabli  a.— JPbr  the  Computation  of  Prwnoidt,  for  aU  Batet  and  Shpen, 

h 

1» 

« 

If 

ma 

fl" 

42.1 

fl 

a5 

48.11 

fi 

64.1 

^ 

60.1 

s 

66.1 

2.4481 

86.1 

1.8870 

1.6609 

1.7816 

2.0087 

2.2259 

2 

.8407 

2 

.6688 

2 

.7862 

2 

.0071 

2 

.2296 

2 

.4618! 

AH 

8 

.8444 

8 

.5667 

8 

.7889 

8 

.0114 

8 

.2383 

3 

.4o66' 

4 

.8481 

4 

.6704 

4 

.7926 

-  4 

.0148 

4 

.2370 

4 

.4692' 

6 

.8618 

6 

.6741 

6 

.7968 

6 

.0186 

6 

.2407 

6 

.4629 

6 

.8565 

6 

.6778 

6 

.8000 

6 

.0222 

6 

.2444 

6 

.4666 

7 

.8692 

7 

.6816 

7 

.8087 

7 

.0260 

7 

.2481 

7 

.4708: 

8 

.8629 

8  .6862 

8 

.8074 

8 

.0296 

8 

.2618 

8 

.4740 

9 

.8666 

9 

.^889 

9 

.8111 

9 

.0888 

9 

.2665 

9 

.4777, 

87.0 

.8704 

48.0 

.6926 

49.0 

.8148 

66.0 

.0870 

61.0 

.2692 

67.0 

.4816: 

1 

.8741 

1 

.5963 

1 

.8185 

1 

.0407 

1 

.2629 

1 

.4862 

2 

.8778 

2 

.6000 

2 

.8222 

2 

.0444 

2 

.2666 

2 

.4889 

8 

.8815 

8i  .6087 

8 

.8259 

8 

.0481 

8 

.2708 

8 

.4926 

4 

.8862 

4  .6074 

4| 

.8296 

4 

.0518 

4 

.2740 

4 

.4963; 

5 

.8889 

6 

.6111 

6 

.8888 

6 

.0656 

5 

.2788 

6 

.6000 

6 

.8926 

6 

.6148 

6 

.8370 

6 

.0598 

6 

.2815 

6 

.6087 

7 

.8968 

7 

.6185 

7 

.8407 

7 

.0680 

7 

.2852 

7 

.6074 

8 

.4000 

8 

.6222 

8 

.8444 

8 

\0667 

8 

.2886 

8 

.5111, 

0 

.4087 

9 

.6259 

9 

.8481 

9 

.0704 

9 

.2926 

0 

.6148^ 

38.0 

.4078 

44.0 

.6296 

50.0 

.8518 

56.0 

.0741 

62.0 

.2963 

68.0 

.6186', 

1 

.4110 

1 

.6882 

1 

.8566 

1 

.0778 

1 

.3000 

1 

.6222 

2 

.4147 

4 

.6369 

2 

.8592 

2 

.0815 

2 

.8087 

2 

.6269 

8 

.4184 

8  .6406 

8 

.8629 

8 

.0862 

8 

.8074 

8 

.6296; 

4 

.4221 

4 

.6448 

4 

.8666 

4 

.0889 

4 

.8111 

4 

.6883 1 

4 

5 

4269 

6 

.6481 

5 

.8704 

6 

.0926 

6 

.8148 

6 

.6870 : 

6 

.4296 

6 

.6618 

6 

.8741 

6 

.0968 

6 

.8185 

6 

.6407, 

7 

.4888 

«6555 

7 

.8778 

7 

.1000 

7 

.8222 

7 

.64441 

8 

1.4870 

8 1.6592 

81 

[.8816 

8 

2.1087 

8 

2.8269 

8 

2.6481 

9 

.4407 

9 

.6629 

9 

.8862 

9 

.1074 

9 

.8296 

9 

.6618 

89.0 

.4444 

46.0 

.6667 

61.0 

.8889 

67.0 

.1111 

68.0 

.8833 

69.0 

.6666 

1 

.4481 

1 

.6704 

1 

.8926 

1 

.1148 

1 

.8870 

1 

.6693 

2 

.4618 

2 

.6741 

2 

.8963 

2 

.1186 

2 

.8407 

2 

.6680,! 

8 

.4666 

8 

.6778 

3 

.9000 

8 

.1222 

8 

.3444 

8 

.6667'. 

4 

.4692 

4 

.6815 

4 

.9087 

4 

.1269 

4 

.3481 

4 

.2704 

5 

.4629 

6 

.6852 

6 

.9074 

6 

.1296 

6 

.3618 

6 

.6741  li 

6 

.4666 

6 

.6889 

6 

.9111 

6 

.1838 

6 

.8655 

6 

.5778! 

7 

.4708 

7 

.6926 

7 

.9148 

7 

.1870 

.2692 

7 

.6815 

8 

.4740 

8 

.6968 

8 

.9186 

8 

.1407 

8 

.8629 

8 

.5862 

9 

.4777 

9 

.7000 

9 

.9222 

9 

.1444 

9 

.8666 

9 

.5089 

40.0 

.1814 

46.0 

.7087 

62.0 

.9259 

68.0 

.1481 

64.0 

.3704 

70.0 

.6926 

] 

.4861 

1 

.7074 

1 

.9296 

1 

.1518 

1 

.8741 

1 

.6968 

2 

.4888 

2 

.7111 

2 

.9833 

2 

.1665 

2 

.8778 

2 

.6000' 

8 

.4926 

3 

.7148 

8 

.0870 

8 

.1692 

8 

.8816 

8 

.6037, 

4 

.4962 

4 

.7185 

4 

.9407 

4 

.1629 

4 

.8862 

4 

.6074 

5 

.6000 

6 

.7222 

6 

.9444 

5 

.1667 

6 

.8889 

6 

.6111 

6 

.6087 

6 

.7259 

6 

.9481 

6 

.1704 

6 

.8926 

6 

.6148 , 

7 

.6074 

7 

.7296 

< 

.9518 

7 

.1741 

1 

,8963 

7 

.6185, 

8 

.6111 

8 

.7888 

8 

.9666 

8 

.1778 

8 

.4000 

8 

.6222 

9 

.6148 

9 

.7370 

9 

.9592 

9 

.1816 

9 

.4037 

9 

.6259 

41.0 

.6186 

47.0 

.7407 

68.0 

.9629 

60.0 

.1861 

66.0 

.4074 

71.0 

.6296 

1 

.6222 

1 

.7444 

1 

.9666 

1 

.1888 

1 

.4111 

1 

.6888' 

2 

.6269 

2 

.7481 

2 

.9703 

2 

.1925 

2 

.4148 

2 

.6870; 

8 

.6296 

8 

.7618 

8 

.9740 

8 

.1962 

8 

.4185 

8 

.6407 

4 

.6888 

4 

.7555 

4 

.9777 

4 

.1999 

4 

.4222 

4 

.6444; 

5 

.6870 

6 

.7692 

6 

.9814 

6 

.2087 

6 

.4259 

5 

.6481; 

6 

.6407 

6 

.7629 

6 

.9851 

6 

.2074 

6 

.4296 

6 

.6518' 

7 

.6444 

7 

.7666 

^.1 

.9888 

7 

.2111 

7 

.4388 

7 

.6655! 

8 

.5481 

8 

.7708 

8 

.9925 

7 

.2148 

7 

.5870 

8 

.6692 

9 

.5518 

9 

.7740 

01 

1.9962 

9 

.1185 

9 

.5407 

9 

.6629, 

42.0 

1.5555 

48.0 

1.7778 

54  OS 

>.0000 

60.0 

2.2222 

66.0 

2.4444 

72  0 

2.6667 

1         ' 
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Tablk  b, — For  the  computatum  ofFritmouU  or  Eartkwork. 


Ft 

0 
1 
2 
8 

4 
6 

6 
7 
8 
9 
10 

11 
12 
18 
14 
16 

16 
17 
18 
19 
20 

21 
22 
28 
24 
25 

26 
27 
28 
29 
80 

81 
82 
88 
84 
85 


2 
6 
14 
26 
42 
62 

86 
114 
146 
182 
222 

266 
814 
866 
422 
482 

546 
614 
686 
762 
842 

926 
1014 
1106 
1202 
1802 

1406 
1514 
1626 
1742 
1862 

1986 
2114 
2246 
2882 
2522 


2 


8 
14 
24 
88 
56 
78 

104 
184 
168 
206 

248 

294 
844 
898 
456 
518 

584 
654 
728 
806 
888 

974 
1064 
1158 
1256 
1858 


8 


86 
87 
88 


2666 
2814 
(2966 
3918122 
40(8282 


41 
42 
48 
44 
45 

46 
47 
48 
49 
50 

Ft 


8446 
8614 
8786 
8962 
4142 

4826 
4514 
4706 
4902 
5102 


18 
26 
88 
54 
74 
98 

126 
158 
194 
234 
278 

826 
878 
484 
494 
558 

626 
698 
774 
854 
988 

• 

1026 
1118 
1214 
1814 
1418 


14641526 
1574|1688 
16881 1754 
18061874 


1928 


1998 


20542126 
21841225^ 


2818 
2i56 
2698 

2744 
2894 
8048 
820  > 
8868 

8584 
8704 
8878 
4056 
4288 

4424 
4614 
4808 
5006 
5208 


2894 
2584 
2678 

282 

2978 

8184 

8294 

8458 

3626 
8798 
3974 
4154 
4888 

4526 
4718 
4914 
5114 
5818 


2 


82 
42 
56 
74 
96 
122 

152 
186 
224 
266 
812 

862 
416 
474 
586 
602 

672 
746 
824 
906 
992 

1082 
1176 
1274 
187K 
1482 

1592 
1700 
1824 
i946 
2072 

2202 
2886 
2474 
2616 
2762 

2912 
3060 
8224 
8880 
8552 

8722 
8896 
1074 
4256 
4442 

4682 
482H 
5024 
5226 
5482 


50 
62 
78 
98 
122 
150 

182 
218 
258 
802 
850 

402 
458 

518 
582 
650 

722 
798 
878 
962 
1050 

1142 
1288 
1888 
1442 
1550 

1662 
1778 
1898 
2022 
2160 

2282 
2418 
2558 
2702 
2850 

8002 
8158 
•^818 
3482 
8650 

1822 
3998 
4178 
4862 
4550 

4742 
4988 
5188 
5342 
5550 


8 


6 


72 
86 
104 
126 
152 
182 

216 
254 
2^6 
842 
392 

446 
504 
566 
632 
702 

776 

854 

936 

1022 

1112 

1206 
1804 
1406 
1512 
1622 

1786 
1854 
1976 
2102 
2232 

2366 
2504 
2646 
2792 
2942 

3096 
3254 
3416 
3582 
8752 

3926 
4104 
4286 
4472 
4662 

4856 
.5054 
>256 
5462 
5672 


98 
114 
134 
158 
186 
218 

254 

294 
838 
886 
438 

494 
554 

618 
686 
758 

834 

914 

998 

1086 

1178 

1274 
1374 
1478 
1586 
1698 

1814 
1984 
2058 
2186 
2818 

2454 
2594 
2788 
2886 
8088 

8194 
8854 
i518 
3686 
3858 

4084 
4214 
4898 
4586 
4778 

4974 
5174 
5878 
5586 
5798 


6 


8 


128 
146 
168 
194 
224 
258 

296 
838 
884 
484 
488 

546 
608 
674 
744 
818 

896 

978 

1064 

1154 

1248 

1846 
1448 
1554 
1664 
1774 

1896 
2018 
2144 
2274 
2408 

2546 

2688 
2884 
2984 
8188 

8296 
8458 
3624 
3794 
8968 

4146 
4328 
4514 
4704 
4898 

5096 
5298 
5504 
5714 
5928 


9 


162 
182 
206 
234 
266 
802 

842 
886 
484 
486 
542 

602 
666 
784 
806 
882 

962 
1046 
1184 
1226 
1822 

1422 
1526 
1684 
1746 
1862 

1982 
2106 
22:M 
2866 
2502 

2642 
2786 
2934 
80^6 
3242 

8402 
3566 
3784 
3900 
4082 

4262 
4446 
4684 
482(; 
5022 

I 

6221' 
5426 
5681 
584€ 
6062 


8 


10 


200 
222 
248 
278 
812 
850 

892 
488 
488 
542 
600 

662 
728 
798 
872 
950 

1082 
1118 
1208 
1802 
1400 

1502 
1608 
1718 
18  2 
1950 

2072 
2198 
2328 
2462 
2600 

2742 
2888 
3038 
3192 
8850 

3512 
3678 
3848 
4022 
4200 

4882 
4568 
4758 
4952 
5150 

5882 

5558 
57«8 
i982 
6200 


11 


9 


242 
266 
294 
826 
862 
402 

446 
494 
546 
602 
662 

726 
794 
866 
942 
1022 

1106 
1194 
1286 
1382 
1482 

1586 
1694 
1806 
1922 
2042 

2166 
2294 
2426 
2562 
2702 

2846 
2994 
3146 
8202 
8462 

8626 
8794 
8966 
4142 
4822 

4506 
4694 

4886 
5(82 
5282 

5486 
4694 
5906 
6122 
6842 


12 


288 
814 
844 
878 
416 
458 

504 
554 
608 
666 
728 

794 

864 

938 

1016 

1098 

1184 
1274 
1868 
1466 
1568 

1674 
1784 
1898 
2016 
2188 

2264 

2393 
2528 
2666 
2808 

2954 
8104 


18 


888 
866 
898 
484 
474 
518 

566 
618 
674 
784 
798 

866 

988 

1014 

1094 

1178 

1266 
1858 
1454 
1554 
1658 

1766 
1878 
1994 
2114 
2288 

2866 
2498 
2684 
2774 
2918 

8066 
3218 


8258;3874 
841613534 


10 


3578 

8744 
3914 
4088 
4266 
4448 

4684 
4824 
5018 
621ft 
5418 

5624 
5834 
6048 
6266 


11 


8698 

8866 
4088 
4214 
4894 
4678 

4766 
4958 
5154 
5354 
5558 

5766 
6978 
6194 
6414 


6488  6688 


12 


18 


Ft 

0 
1 
2 
8 
4 
6 

6 

8 

10 

11 
12 
18 
14 
15 

16 
17 
18 
19 
20 

21 
22 
28 
24 
25 

26 
27 
28 
29 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

Ft 


n  3" 
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Table  b. — For  the  computation  of  Pritmoids  or  Earihtpork. 


Ft     14 


16 


oi  392 
li  422 
3!  45«5 

3  494 

4  o3r, 


460 
482 
51J" 
568 


16   I   17   '   18   1   19 


2»      21       22      23 


5   682   6501 


702. 

7oJ^ 


6'  632 

7.  ii^^y 

8i  7441 

9  8:ir.' 

10,  872 


8181 
8<<2, 
950 


11  9421022 

12  lOlt)  1008 

13  1094  1178* 
;14  I17«i.i2«)2i 

lo;i2C2l850 


10,1352 
17'U4U 


1442 
1538 


18l644ir»38, 
19,l()4H1742 
201752  1850 


21  1862  19«2 
22' 1976  2078 
,23  2094  2198 

24  2216  2322 

25  23422450 

26  2472:2582 

27  26062718 
128  2744  2858 


512 

646 

581 

626 

672! 

722 

776 

834 

89C. 

962 

1032 

1106 
!184 
1266 
1352 

1442, 

I 

1 53r)' 

16341 
1736 
1842 
1952' 


578 
614 
6")t 
698. 

74r,i 
798, 


648 
686 
728 
774 
824 


722 

762, 
8061 
854! 


882i 
926i 

974; 

1026 
1082 
878.  962  11)50.1142 


9ur.; 


800 
812. 
8^8 
938 
992 


968 
1014 
106-1 


24 


105^ 
110( 
1158 
1118  I2N: 
1176  1274 


26 


26 


1152  1250  1352' 
120i::l3)2  1406 
1256  1358,1464 
1 31 4!  1 41 8  1526 
1376;  1 482  1592 


1288  1838  1442  15501602 


1206. 


854   936102211112 

Om'  998  I (!86j  11 78  12741137 

9781064  1154  1248 


104r,  1 134  1221, 
1118  1208135)2 


13221 
1 4011 


11941286  1382  1 482 
1274  1368  1466,1568' 
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Table  b, — For  the  computation  of  Priimoidi  or  Earthwork, 
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Tab  LB  6.*— /br  the  eomjmiaiion  of  Prismoidt  or  Earthwork. 
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Tabls  c. — Fur  calculi  ting  Prismotds. 
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Application,    In  using  either  of  the  foregoing  tables,  a,  h  and  e,  we  must 
Qse  the  mean  heights  uf  the  end  sections,  as  Q  0  in  the  annexed  figwe. 

D 
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Q  is  the  centre  of  the  road  bed.    R  is  the  centre  stnmp.    C  E  =  d  =  les- 
ser height.    D  U  =  D  =r  greater  height    P  is  where  the  slopes  meet  on 
the  other  side  of  the  road  bed. 
We  find  the  end  area  of  the  section  bjr  the  formnla  in  sec.  822,  where 

D  -f  d 
A  =:  area  =  D  d  r  -f •  b.    And  the  mean  height,  z,  (finom  for- 

v/  (4  A  r  -f  b  »)  — b. 

mula  in  sec.  823.)  =      ^ — ' 

2  r 

r  The  following  tabular  form  will  show  how  to  find  the  contents  of  anj 
section  or  number  of  sections  from  Tables  h  and  e. 


Kind 
Are't 


4100 
726 


A 
B 
C 


IV 


VI 


47.08 
18.54 


a 
b 

0 

d 


From 
Table  6. 


From 
Table  c 


Sum. 


120 


5978. 
17.28 
79.92 


180. 
0.24 
1.62 


6U76.2 
r=  1 


L 
L 
L 


6075.2 
m 

n 

0 

s 
r 


By  TabU*  b  and  c.  The  an- 
nexed table  shows  our  method 
of  using  Sir  John  McNeil's 
tables  58  and  59:  which  we 
use  as  tables  b  and  c.  Oppo 
site  47  and  under  18  in  table 
5,  we  find  5978  .which  we  put 
in  column  IV. 

Fiod  the  rertical  difference 
between  47  and  18,  and  48  and 
18  to  be  216,  which  multiplied 
by  the  decimal  .08,  gives  17.28, 
which  put  in  col.  IV.  Find 
the  horizont-al  difference  be- 
tween 47  and  18,  and  47  and  14  to  be  148, 
which  multiplied  by  0.54  gives  79.92,  which 
is  also  put  in  col.  IV.  In  like  manner  we  take 
from  table  e,  tabular  numbers  similar  to  those 
in  col.  IV  and  put  them  in  col.  V.  Now  add 
the  results  in  col.  IV.  and  V,  multiply  the 
sum  in  col.  IV  by  the  base  6,  and  that  in  col. 
V  by  the  ratio  of  the  elopes,  add  the  two  pro- 
ducts together,  out  off  three  figuresL  to  the 
right  for  decimals,  multiply  the  result  by  the  amttant  multiplier  6.1728, 
the  product  will  be  the  content  in  cubic  yards.  When  there  are  several 
sections  having  the  same  length,  base,  and  ratio  of  slopes,  as  A,  B,  C,  etc., 
put  their  end  areas  in  col.  I.  Their  mean  heights  in  col.  II,  their  lengths 
in  col.  Id,  their  tabular  numbers  from  tables  6  and  e,  in  col.  IV  and  V  as 
above,  where  8  and  Q  are  the  sums  of  columns  IV  and  V.  r  S  is*  the  pro- 
duct of  col.  IV  X  by  tbo  ratio  of  the  slopes  and  b  Q  =  col.  V  X  ^7  ^ht 
base.  From  their  sum,  cut  off  8  places  to  the  right  and  proceed  as  in  the 
above  example. 


r  s 


181.86 
b=40 

7274.4 
s 
t 
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a 
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bA 


18.349.6 
6.1728 

82.40451 
120 

9888.68 
content 

rS  +  bQ 
I« 

rSL  -f  hQt 
6.1728 
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8FHEB1CAL  TRIOONOUETET. 
346.     A  Sphtrical  Riaoffle  is  form«d  by  th«  intorwoUoii  of  three  grett 
c»ioIm  on  the  Borhoe  of  a  epben,  the  planes  of  each  oirele  ptssiug 
throngh  the  centre  of  the  sphere. 

846.  A  Sphtrical  Aitgtt  is  that  formed  by  the  interseotion  of  the 
plsues  of  the  great  circles,  and  is  the  meaenre  of  the  angles  formed  bj 
the  great  oireles. 

847.  The  sides  and  angles  of  a  Bpheriesl  triangle  have  no  affini^  to 
those  of  a  plane  triangle,  for  in  a  spherical  triangle,  the  ndes  and 
kngles  are  of  the  sams  speoieB,  each  being  measured  on  the  are  of  a 
great  oirele. 

S48.  As  in  plane  trigonometrj,  we  have  leooeles  eqnilateral  oblique- 
angled  and  right-angled  triangles. 

849.  A  rigbt-angled  triangle  is  farmed  by  the  interseotion  of  three 
great  oireles,  two  of  vhioh  ioteraeet  one  another  at  right  angles,  that  is 
one  great  oirole  mnst  pass  throngh  the  centre  of  the  sphere  and  the  pole 
of  another  of  the  three  cirelee. 

Let  the  side  of  the  triangle  be 
produced  to  meet  as  at  D  in  the  an- 
nexed Ggnre,  the  arc  B  A  D  and  BCD 
are  semi-oirclea,  therefore,  the  side 
A  D  is  the  sapplement  of  A  B,  and 
C  D  is  the  Bupplement  of  B  C  and  the 
^  A  D  C  is  the  supplementary  or 
polar  triangle  to  ABC. 

S50.  Any  two  sides  of  a  ^  is  greater  than  the  third.  Any  ride  is 
less  than  the  snm  of  Che  other  two  sides,  bat  greater  than  their  differ- 

851.  If  tangents  be  drawn  from  the  point  B  to  the  area  B  A  and  B  C 
the  angle  thus  formed  will  be  the  meaenre  of  the  apberieal  angle  ABC. 

852.  The  greater  angle  is  subtended  by  the  greater  side. 
A  right-angled  ^  has  one  angle  of  90°. 

A  qnadrantal  ^  has  one  side  of  90°. 
An  obUqne-angled  ^  has  no  side  or  angle  ^^  90°. 
The  three  aides  of  a  spherioal  /\  are  together  less  than  S60° 
The  three  angles  are  together  greater  than  two,   and  less  than  six 
right-anglea. 

853.  The  angles  of  one  triangle  if  taken  from  180°  will  give  the  ridea 
of  a  new  snpplemeutary  or  polar  triangle. 

If  the  ddes  of  a  ^  be  taken  from  180°,  it  gires  the  angles  of  a 
polar  A- 

854.  If  the  sum  of  any  two  sides  be  either  eqnal,  greater  or  less  than 
180°,  the  sum  of  the  opposite  angles  will  bo  equal,  greater  or  less  than 
180°. 

866.     A  right-uigled  spherical  ^  may  have  either, 
One  right  angle  and  two  aoate  angles. 
One  right  angle  and  two  obtuse  angles. 
One  obtnee  angle  and  two  right  angles. 
One  aonte  angle  and  two  right  angles.    Or 
Three  right  angles. 
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366.  jr  one  of  the  Bides  of  the  A  ^^  W°t  one  of  the  other  sides  will 
be  90°,  and  then  each  side  will  be  equid  to  its  oppotite  <  .  And  if  anj 
two  of  its  Bides  are  eaoh  =  to  90°,  then  the  thin)  ride  ib  =  t^i  W. 

857.  If  two  of  the  angles  are  each  90°,  the  opposite  udea  are  eaob 
equal  to  BO". 

S68,  If  the  two  legs  of  a'right-angled  ^  be  both  aonte  of  both 
obtuse,  the  ti^pothenase  will  be  less  than  a  qnadrant.  If  one  b«  aonte 
and  the  other  obtoM,  that  is  when  they  are  of  diOerent  ■peoiea,  the 
bjpothennee  Is  greater  than  a  quadrant. 

859.  In  an;  right  angled  spheiioal  /\  each  of  the  ohliqne  angles  is 
of  the  aame  «pecies  as  its  opposite  side,  and  tbe  sides  containing  the 
right  angle  are  of  the  same  apeoioB  as  thmr  opposite  angles. 

860.  If  the  hjpolhennse  be  less  than  90°,  the  legs  are  of  the  same 
Bpeoies  as  their  a^jaoent  angles,  bnt  if  the  h;pDthenuse  he  greater,  then 
the  legs  and  a4Jaoent  angles  are  of  different  specie*. 

861.  In  any  tpherixal  A  '*«  •""*  "f  W»  attgla  are  to  one  anolher.at  Iht 
tint!  of  tMr  oppotiu  lidti. 

RIOHT-AIfaLBP 

sin.  A,    Eqnat.  A. 


-  tan.  A  .  ais.  B,      Eqnation  B. 


EqoatioD  C. 
=  tan.  b  .  COS.  A 
1.  B  .  sin.  A,     Equation  D. 


Cot.  A  =  COS.  a  . 
Cos.  D  =  oos.  b  . 

sin.  D, 
sin.  A. 

EquaUon  E. 

Bin.  «-""'■* 

Equation  Q. 

Cos.  0  =  COS.  a , 
Cos.  0  =  oot  A  . 

os.b. 
cot  B, 

Eqaation  II. 
Eqnation   I. 

S'-o^^.T-' 

Heree 

^  hypothennse. 

EqnaUon  C 

36^.  NjtPIIft's  »PL*S  FOB 

I>ord  Napier  has  giTtn  the  foUoiring  simple  rules  for  solving  right- 
angled  ephsrical  triangles. 

Tht  line  vj  thi  middle  part  ^produtt  of  the  a^aetntparU. 

The  tine  of  the  middle  part  ^=pTOiliiet  of  At  eoana  of  the  opponte parlM. 

In  applying  Napier's  analogies,  we  take  the  complements  of  the  hypo- 
thenuse  and  of  the  cttier  angles,  and  r^eot  the  right  angle.  W«  will 
arrange  Nnpier's  rules  as  follows,  where  eo.  ^  complement  of  the  anglee 
or  hypothenuse. 


I  the  prodnot  oTUie 
of  the  opp«ile 


Sine  cump.  A. 
Sin.  com  p.  t. 
Bin.  oomp.  B. 


It  is  eaa;  to  remember  that  ailjaoent  reiiairca  taagent,  &Dd  opposite 
requites  oosine,  firom  the  letter  a  being  found  in  the  first  sellable  of  tA- 
JBcent  Mid  tongent,  &nd  a  being  in  the  first  sellable  of  opposite  anil 

.firantpJe  1.  Gisen  tke  <  A  X  23°  28'  and  o  =  146"  to  find  the  sides 
■  and  b,  and  the  aogte  B. 

Comp.  0  ^  eomp.  180  —  116  ^  85  and  5&°  =  eomp. 

Comp.  A  =  60°  —  28°  28'  =  G6"  32'. 

Bin.  a  =  oos.  66°  X  °<'»-  SQ°  ^^'  =  0.67368  X  0.39»22  and 
•  t=  1S°  12^  18"  =;  natural  sine  of  0.22841. 

HaTing  a  and  oomp.  of  o,  we  find  B  =  50°  81'  and  b  =  24°  24'. 

Ezimpk  2.  GiTSn  b  =  46'>  18'  23".  A  =  84»  27'  29"  to  find  <  B. 
Answer,  B  =  08"  S^  26". 

SnmpU  8.  QiTeu  a  =  48°  24'  16",  and  b  =  69°  88'  27".  We  find 
o  =  70°  28'  42". 

EtampU  4.  QiTBii  a  =  116°  80'^43"  and  b  =  29°  41'  82".  We  find 
A  =  108°  52' 48" 

^ampU  6,  OlTen  b  =  26°  12'  60",  and  <  B  =  87°  26'  21".  We 
find  a  46°  65'  2"  or  a  =  188°  4'  68". 

NoTB.    We  oan  nse  either  natnral  or  logarithmetio  nambers. 

3S4.  QViuoBAKTAb  srsBBioAL  Tiu*iiai.ia. 

J*t  A  D  s=  90°,  prodnoe  D  B  to  C 
maklDg  D  C  =  A  D  =  90°;  therefore 
the  are  A  C  Is  the  meaaare  of  the 
ftngle  A'O  B. 

If  the  <D  A  B  la  less  than  90°, 
then  D  B  Is  less  than  90°.  Bat  If  the 
<  D  A  B  ie  greater  than  90°,  then 
the  ride  D  B  is  greater  than  90°. 

SxanpU.    Let  the  <  D  =  42°  12'  e=  Ara  A  C  in  (he  triangle  ABC, 
and  let  the  <  D  A  B  =  64°  48',  then  90°  —  54°  18'  =  86°  17'  = 
<BAC  =  <AintheABAC. 
Bj  Napiar'a  analogies,  ain.  oomp.  A  X  rsdias  ^  tan.  b  X  ^i^  oomp.  e. 

i.  e.>   TwL    ao«.    A  =-  tan.  b .  ool.  o,  and  eot.  c  ^ ^ 

tan.  b 
Bad.  DOS.  64°  48' 

— -— =  48°  0'  9"  =  0.      And  Sin.  oomp.  B  =  oos.  B  = 

tan.  42°  12'  *^ 

COB.  b .  oos.  A  ^  oos.  b  .  sin.  A,  and  having  b  and  A  in  the  above,  we 
hatq  008.  B  =  COB.  42°  12'  X  Bin-  «°  *>'  9"  =  64°  89'  66"  =  B. 
Agvn,  rin.  oomp.  B  ^  tas  a  .  tan.  oomp.  o  i.  e.  oos.  B  =  tan.  a  .  cot.  t. 
oos.   B        COS.  64°  89'  66" 

Tan.  a  = = =  26°  26' 20"  =  raloe  of  a. 

oot.    e  eot.  48°  0'  9" 

.-.  90°  —  25°  26'  20"  =  64°  84'  40"  =  side  D  B.—Younff'i  IV^o- 
tionutry. 

865.  «BU41IB-AVai.KD  BPBIBICAI.  IBUliaLBS. 

Obliqne-angled  triangles  are  divided  into  six  oases  by  Thomson  and 
other  mathematidans. 
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I.  When  the  three  sidet  are  giyen,  to  find  the  angles. 

II.  When  the  three  angles  are  giren,  to  find  the  sides. 

III.  When  the  two  sides  and  their  contained  angle  are  giten. 

IV.  When  one  side  and  the  ac^acent  angles  are  giTen. 
y.  When  two  angles  and  a  side  opposite  to  one  of  them. 

YL    When  two  sides  and  an  angle  opposite  to  one  of  them. 

The  following  formnlas  may  be  soWed  bj  logarithms  or  aatoral  num- 
bers. 

866.  The  following  is  the  fundamental  formnla,  and  is  applicable  to 
all  spherical  triangles.  Puissant  in  his  Oeodesie,  toI.  I,  p.  58,  sajs:  '*  n 
serait  aise  cle  pronver  qne  1' equation  est  U  fondement  unique  de  toute  la 
Trigonometric  spherique." 

Cos.  a  =  COS.  b  .  cos.  c  -|-  sin.  b  .  sin.  c  .  cos.  A. 
Cos.  b  s=s  COS.  a  .  cos.  c  -{-  sin.  a  .  sin.  c  .  cos.  B. 
Cos.  c  :=  cos.  a  .  COS.  b  -f-  Bin.  a  .  sin.  b  .  cos.  G. 

From  these  we  can  find  the  following  equations : 

_       .       COS.  a  —  COS.  b .  COS.  a  „ 

Cos.  A  ss Equation  A. 

sin.  b  .  sin  ^ 

^      ^       COS.  b  —  COS.  a*.  COS.  c  ^        .      « 

Cos.  B  =s : Equation  B. 

sin.  a  .  Bin.  o 

^      ^       COS.  c  —  cos.  a .  cos.  b  _ 

Cos.  C  = , 1-  Equation  C. 

sin.  a  .  Bin.  b 

If  we  haye  a,  b  and  A  giTcn,  then  side  a  :  sine  of  •<  A  :  :  side  b  to 
the  sine  of  <  B. 

The  following  formulas  are  applicable  to  natural  numbers  and  loga- 
rithms.   The  symbol  \  =  square  root. 

367.  Casb  I.  HaviDg  the  three  sides  giren,  let  s  =  half  the  sum  of 
the  sides. 

,   .        yS***'  (s  -  b)  sin  (s  -  c)v  ,  •,        .       . 

Sine  }  A  =  ( 1 L—l i\  1  Equation  A. 

>       sio.  b  .  Bin.  c        / 

,  «        ^sin.  (8  -  a)  sin.  (s  -  c).   ,  „        .      ^ 

Sin.  i  B  =  ( !: 1 ,-J i\  \  Equation  B. 

V  sm.  a  .  sin  0        ' 

,  _       ^sin.  (s  -  a)  sin.  (s  -  b)^ 

Sine  }  C  =  ( \ 1-,—! 1\  }  Equation  C. 

^        sin.  a  .  Bin.  b         / 

(sin.  8  •  sin.  (s  -  a)^ 
— : — - — r -\  J  Equation  D. 

Bin.  b  •  Bin.  0     / 

,  _       ^sin.  s*  sin.  (s-b).   .  _ 

Cos.  }  B  a=  ( ; ^^ 1^  }  Equation  E. 

^     sin.  a  •  Bin.  o     / 

(sin.  8*  sin.  (s  -  c). 
— : .     ,    \  \  Equation  F. 

Bin.  a  •  sm.  b    / 

-sin.  (s  -  b)  •  sin.  (s  -  oK   ,  «        .      ^ 

Tan.  }  A  =:  ( ) —, — _-!-— 1\  }  Equation  0. 

V  Bin.  8  •  sm.  (s  -  a)      / 

(sin.  (s  -  a)  •  sin.  (s  -  c^   . 
— ^.^^ \     ,     \.     )  }  Equatien  H. 

sm.  8  •  sin.  (i  -  b)    / 

(sin.  (s  -  a)  •  sin.  (s  -  b).    ,  . 
:^ \     ,        ,      )  J  Equation  I. 
Bin.  s  •  sm.  (s  -  c)      / 
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368.     Cask  II.     HaTing  the  three  angles  given,  to  find  the  sides. 

_        .  ^ —  COS.  s  .  COS.  (s  -  A)v 

Sine  }  a  »  ( ; — - — ;— 1- i\  i  Equation  A. 

V  sin.  B  •  sin.  G.        ^ 

r —  00^  S  •  COS.  (S  -  B).    ,  «  .       « 

Sine  J  b  ==  ( -, — ;— ^^ i\  i  Equation  B. 

V  810.  A  •  sin.  C.       ^ 

y—  ®0S.  S  •  COB.  (S  -  C).   ,  ^        ..       ^ 

Sine  }  0  =  ( 2 i\  i  Equation  C. 

^       sin.  A  •  sin.  B       / 

.COS.  (S  -  B)  .  COS.  (8  -  C). 

Cos.  J  a  =  ( ;  J- )  1  Equation  D. 

^  sin.  Jd  •  sin.  \j  ' 

,008.  (S  -  A)  •  COS.  (S  -  C).   , 

Cos.  J  b  =  I L,^ — i — —L 1\  \  Equation  B. 

*  V  Bin.  A .  sin.  0         /  *  ^ 

^      ,  ,cos.  (S  -  A)  .  COS.  (S  -  B).  , 

Cos.  }  0  =  ( L« — L . — J L\  J  Equation  F. 

V  Bin.  A  •  Bin.  B  / 

_        ,  ^ —  008'  S  •  008.  (S  -  Av    , 

Tan.  }  a  s=  ( ~ — ~ 1- — -(\  \  Equation  G. 

'  Voos  (S  -  B)  cos  (S  -  C)/  *  ^ 

_       ,  -    —  COS  S  •  COS.  (8  -  B)    - . , 

Tan.  }  b  =  I — \^     *\  \  Equation  H. 

'  V  COB.  (8  -  A)  •  COS.  (8  -  C)  /  '^  ^ 

—  COS.  8  •  COS.  (8  -  C)  . 

73 — TT 7S— ST  I  J  Equation  I. 

COB.  (S  -  A)  •  cos  (8  -  BJ/  ^  ^ 

869.  Casb  III.    When  two  sides  and  tiie  angle  contained  by  them 
are  glTCn  to  find  the  remaining  parts. 

Let  UQ  suppose  the  two  sides  a  and  b  and  the  contained  <[  =s  C. 

By  Napier's  analogies, 
CoB.  i  (a  +  b)  :  cos.  )  (  a  «q»  b)  :  :  cot.  \  C  :  tan.  }  (A  -f  B)  Equat.  J. 
Sin.  i  (a  +  b)  :  sin.  }  (a  «m  b)  :  :  cot.  \  C  :  tan.  }  (A  tos  B)  Equat.  E. 

Tan.  of  half  the  sum  of  the  unknown  anglcB  a= 

cos.  }  (a  .OD  b)  •  cot.  JO  «       .     , 

1-1-- — \  ^     '  Equation  L. 

COS.  J  (a  -{-  b) 

..        .,..,«.«  -  sin.  }(a«>»b)  .cot  \  C 

Tan.  of  half  the  difference  of  same  ss ■ 

sin.  }  (a  4-  ^) 

Equation  M. 

9t»  signifies  the  difference  between  a  and  b. 

Having  determined  half  the  sum  and  half  the  difference  of  the  angles, 
we  find  the  angles  A  and  B. 

Then  the  side  o  may  be  found  from  (Equation  F.) 
sin.  B  :  ^ne  b  :  :  sine  C  :  sine  c,  from  which  c  is  found. 

870.  Napier's  analogies  for  finding  the  side  from  the  angle. 

COS.  (A  -f  B) :  COS.  (A  «(m  B) :  tan.  \  c  :  tan.  }  (a  -f-  b)  Equation  N. 
or  sin.  (A  -f  B) :  sin.  (A  «>»  B) :  tan.  J  c  :  tan  J  (a  -  b)  Equation  0. 

COS,  ( oft»  B) 

sin.  (A  +  B).tan.  J(a-b) 
ortan.  \  c  = ^    7".    \ ^ ^  Equation  a 

(Bin.  A  CO*  UJ 

The  Talue  may  be  found  from  the  general  equation. 
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871.  Cask  IV.     When  one  side  and  the  adjacent  angles  are  giTen. 
Oiren  A  and  B  and  the  adjacent  side  o. 

008.  i  (A  +  B)  :  COB.  (A  .«.  B)  :  tan.  }  0  :  tan.  i  (a  +  b) 

sin.  }  (A  +  B)  :  sin.  A  (  <i«o  B)  :  :  tan.  }  0  :  tan.  }  (a  —  b) 
From  these  we  hate  the  sides  a  and  b. 

COS.  (A  oQ.  B).tan.  ^c  «       ..      « 

COS.  J  (A  -fB) 

sin.  A  (A  000  B)  •  tan.  4 «  «        .      « 

tan.  }  (a  -  b)  =      —^^-    -    ^ L^  Eqaation  8. 

'  ^         ^  sin.  1  (A  -f  B) 

And  to  find  <^C,  we  hate 

COS.  }  (a  •«»  ^) 

bU.  i  (»  +?>)]♦  ton,  i  (A-  B) 

cot  }  C  = ; — ^— r-T Equation  U- 

sin.  }  (a  CO*  b) 

872.  Casi  y.    When  two  sides  and  an  angle  opposite  to  one  of  tliem 

are  giren,  as,  a,  b  and  the  angle  A. 

.     ^       sin.  b  •  sin.  A  ,        _ 

Sin.  a  :  sin.  6  ;  :  sin.  A  :  sin.  B  =s •; .*.  we  naTe  B. 

sin.  a 

To  find  C  and  c,  as  we  haye  now  a,  b  and  A  and  B. 

,  «      COS.  i  (•  +  b)  •  *«»-  i  (A  +  B)  ^ 

We  haTe frem  (Bq.  T)  cot  J  C  = \  , !^,     ^    ^(Y) 

^  oos.  i  (a  ««•  b) 

and  from  (B)  we  hate  the  yalae  of  c,  for 
^  ,o,.>(A  +  B).toM(>+-b)  H.^«,e«gl« 

Cos.  ^  (A  «o»  B) 


A|  E  and  G,  and  the  sides  a  and  b,  we  can  find  c,  because  da.  B  :  sin. 
C  :  :  sin.  b  :  sin.  o. 

Norn.  As  the  yalae  determined  by  propertion  admits  sometimea  of  a 
double  yalue,  because  two  arcs  have  the  same  sine.  It  is  thereforo  bet- 
ter to  use  Napier's  analogies. 

878.  Cask  YI.  When  two  angles  A  and  B  and  the  side  a  opposite  to 
one  of  them  are  glTen  to  find  the  other  parts. 

Sin.  A  :  sin.  B  :  :  sin.  a :  sin.  b  .*.  we  haye  side  b. 

By  Bq.  (V)  we  find  the  <  C. 

By  £q.  (W)  we  find  c,  which  may  be  found  by  proportion. 

NovK.  If  cosine  A  is  less  than  cosine  B,  B  and  b  will  be  of  the  same 
species,  (i.  e.,)  each  must  be  more  or  less  than  90^  in  the  aboye  propoz^ 
tion.    If  COS.  B  is  less  than  cos.  A,  then  b  may  haye  two  yalues. 

874.    Examples  with  their  answers  for  each  case. 

Cask  I.    Ex.  1.    Giyen  c  =  79<>  17'  14^',  b  =  68°  and  a  =  ll(y>  to 

find  A. 
Answer.    A  =  121«  64' 56'^ 

Ex.  2.  Giyen  a  =  10(P,  b  =  87®  18',  and  o  =  62®  46'. 
Answer.     A  =  176o  16' #^'. 
Ex.  8.  Given  a  =  61<>  82'  12",  b  =  88«  19'  42",  c  =  28«  27'  46"  to 

find  A. 
Answer.    A  =  20*' 89' 48". 
Ex.  4.  Giyen  a  =  46^  b  =  72°,  and  c  ^  W>. 
Answer.    A  =  48o  68',  B  =  86®  48',  C  =  76o  28'. 
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Case  IL    Ex.  1.    Given  A  =  90«»,  B  =  96<>  6^  C  =  TP  86^  to  find 
the  sides. 

Answer,    a  ==  9P  42^  b  =  95°  22^  30'^  c  =  7P  31^  80>'^. 

Ex.  2.  A  aa  89*>,  B  =  5»,  C  ==  88«>. 

Answer,    a  =  63o  10^  b  =  4^  o  =  SS**  8^. 

Ex.  8.  A  =  103«  69^  67^^  B  =  46*>  18^  7^^  C  =  86<»  7>'  62^^ 

Answer.    a  =  42o8''48/^ 

Case  III.  Ex.  1.  Given  a  ==  88°  80^  b  =  70*>,  and  C  ==  Sl^  84^  26^^ 

Answer.     B  =  ISO^  8'  IV^  A  =  80o  28^  IV^. 

Ex.  2.  Given  a  =  78°  41^  b  =  158°  80^  C  =  140°  22^ 

Answer.    A  =  138°  15^  B  =  160°  89^  c  =  120°  60^ 

Ex.  8.  Given  a  =  18,  o  s=  9°,  B  =  176°  to  find  other  parts. 

Answer.    A  »  2°  24^  G  »  1°  40^. 

Case  IV.  Ex.  1.  Given  a  =  71°  45^  B  =  104°  5^  C  =.  82°  18^  to 
find  etc. 

Answer.    A  =,  70°  81^  b  =  102°  17^  c  =  86°  41^ 

Ex.  2.  A  =  80°  28'  11'^  B  =  180°  8'  11'^  c  =  40°  to  find  etc 

Answer,    a  =  88°  80^,  b  =  70°,  C  =  81°  84'  26''. 

Ex.  8.  Given  B  =  125°  87',  G  =  98°  44',  a  =  45°  54'  to  find  etc. 

Answer.    A  =  61°  56',  b  =  188°  84',  c  =  126°  26'. 

Case  Y.  Ex.  1.  a  =  186°  25',  c  ^  125°  40',  C  :=  100°  to  find  etc. 

Answer.    A  »  128°  19',  B  «  62°  6',  b  ==  46°  48'. 

Ex,  2.  Given  a  =  84°  14'  29"  b  =  44°  18'  45",  A  ==  180°  5'  22"  to 

Answer.    B  »  82°  26'  7",  C  =»  86°  45'  28",  c  =  51°  6'  12". 

Ex.  8.  Given  a  =  54°,  o  »  22°,  G  »  12°  to  find  etc. 

Answer,    b  =  78°  16',  B  =  147°  58',  A  =  26°  41',  or 

b  =  88°  82',  B  =  17°  51',  A  =  153°  19'.— P«r«>  Fr^onomeiry. 

Case  VI.  Ex.  1.  Given  A  =  108°  16',  B  =  76°  44',  b  =  80°  7^  to 
find  etc. 

Answer,    a  ^  149°  58',  o  =:  164°  50',  C  =  149°  80'.— rAoiwofi. 

Ex.  2.  Given  A  =  104°,  C  =s  95°,  a  =  188°  to  find  etc. 

Answer,    b  =  17°  21',  c  =  186°  86',  B  =  25°  87',  or 

b  =  171°  87',  c  =  48°  24',  B  =  167°  47'.— Petrw. 

Ex.  8.  Given  A  =  17°  46'  16i",  B  ==  151°  43'  52",  a  =  87°  48^  to 
find  etc 

Answer,     b  =  180°,  o  =  74°  80'.— rbttn^'«  TngonotMlry. 

SPHERICAL  ASTRONOMr 

875.  Meridians^  are  great  circles  passing  through  the  celestial  poles 
and  the  place  of  the  observer,  and  are  perpendicular  to  the  equinoctial. 
They  are  called  hour  lines,  and  circles  of  right  asceDsion. 

Altitude  of  a  CdetUal  Obfectj  is  its  height  above  the  horizon,  measured 
on  the  meridian  or  vertical  circle. 

Zenith  Distance,  is  the  complement  of  the  altitude,  or  the  altitude  taken 
firom  90°. 

Azimuih  or  Vertical  Circlee,  pass  through  the  zenith  and  nadir,  and  out . 
the  horizon  at  right  angles. 

Aamutk  or  Bearing  of  a  celestial  object,  is  the  arc  intercepted  between 
the  North  and  South  points  and  a  circle  of  altitude  passing  through  the 


72h*16  8PHBRI0AL  A8TB01IOIIT. 

place  of  the  body,  and  is  the  eame  as  the  angle  formed  at  the  lemth  by 
the  intersection  of  the  celestial  meridian  and  drele  of  altitude. 

ChreaUtt  Anmuih  or  Elongation  of  a  celestial  object,  is  that  ai  whiA 
daring  a  short  time  the  asimvth  or  bearing  appears  to  be  stationaxy,  and 
at  which  point  the  object  moyes  rapidly  in  altitnde,  bat  appetn  atatioa- 
ary  In  asimnth.  When  the  celestial  olgect  is  at  this  point,  it  is  the  SMst 
faToraUe  situation  for  determining  the  tme  time,  and  Tariatioa  of  tiie 
compass,  and  conseqaently  the  astronomical  bearing  of  any  line  in  sar- 
Teying.    See  Table  XXIL 

PoraUax^  is  the  difference  of  the  angles  as  taken  Arom  the  surihoe  and 
centre  of  the  earth.  It  increases  from  the  hortson  to  the  lenith,  and  Is 
to  be  always  addod  to  the  obserred  altitude.     (See  Table  XYIIL) 

Dip,  is  the  correction  made  for  the  height  of  the  eye  aboTC  the  horison 
when  on  water,  and  is  always  to  be  mbtnuUd.  When  on  land  maing  an 
artificial  horison,  half  the  obserred  altitude  will  be  used.  (Sea  Table 
XVI.) 

R^aetUm  m  aUUudt,  is  the  difference  between  the  apparent  and  true 
altitude,  and  is  always  to  be  subtracted.    (See  Table  XYII.) 

As  the  gi'eatest  effect  of  refiraction  is  near  the  horiion,  altUudea  less 
than  26*^  ought  to  be  aToided  as  much  as  possible. 

Prime  VertiaU,  is  the  asimuth  circle  cutting  the  East  and  West  points. 

JEleoation  of  tke  Pole,  is  an  arc  of  the  meridian  intercepted  betwaea  the 
elerated  pole  and  the  horiion. 

DoeUnation,  is  that  portion  of  its  meridian  between  the  equinootaal  and 
centre  of  the  otgect,  sad  is  either  North  or  Sonth  as  the  oeleatial  object 
is  North  or  South  of  the  equinoctial. 

Polar  diitanee,  is  the  declination  taken  ftrom  00^. 

Sight  Aaeemion  is  the  arc  of  the  equinoctial  between  its  meridian  and 
the  Tcmal  equinox,  and  is  reckoned  eastward. 

Latitude  of  a  celestial  object  is  an  arc  of  celestial  longitude  between 
the  object  and  the  ecliptic,  and  is  North  or  South  latitude  according  as 
the  object  is  situated  with  respect  to  the  ecliptic  between  the  first  points 
of  Ares  and  a  circle  of  longitude  passing  through  that  point 

Mean  Time,  is  that  shown  by  a  clock  or  chronometer,    The  mean  day 
is  24  hours  long. 
Apparent  Solar  Dojfo,  are  sometimes  more  or  less  than  24  hours. 

Equation  of  Time,  is  the  correction  for  changing  mean  time  into  appar- 
ent time  and  viea  verea,  and  is  giTcn  in  the  nautical  almanacs  each  year. 

Sidereal  Time.  A  sidereal  day  is  the  interral  between  two  succesaiTC 
transfts  of  the  same  star  over  the  meridian,  and  is  always  of  the  same 
length ;  for  all  the  fixed  stare  make  their  rcTolutions  in  equal  time.  The 
sidereal  is  shorter  than  the  mean  solar  day  by  8^  56}^^.  This  difference 
is  owing  to  the  Bun*s  annual  motion  from  Weet  to  Bast,  by  which  he 
leaves  the  star  as  if  it  were  behind  him. 

The  star  culminates  8^  66.5654^^  earlier  every  day  than  the  time  shown 
by  the  clock. 

OivU  THmey  begins  at  midnight  and  runs  to  12  or  noon,  and  then  from 
noon  again  12  hours  to  midnight. 

Aeironomical  or  Solar  Day,  is  the  time  between  two  sucoessiTO  transits 
of  the  sun's  centre  over  the  same  meridian.    It  begins  at  noon  and  is 
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reckoned  on  24  hoars  to  the  next  noon,  withoot  regarding  the  eiTil  time. 

This  is  always  Icnpwn  as  apparent  time. 

*    IftnOieal  or  8m  Day ^  begins  12  honrs  earlier  than  the  astronomical. 

Szav^U,    Civil  time,  April  8th,  12h.  ioi-Ast.  8d.    Oh. 

MMtmple.    CiTil  time,  April  9th,  lOh.  =  Ast.  8d.  22h. 

If  the  mYil  time  be  after  noon  of  the  given  day,  it  agrees  with  the 
iMtronomical;  bnt  when  the  time  is  before  noon,  add  12  hours  to  the 
civil  time,  and  pat  the  date  one  day  back  for  the  astronomioaL  The 
nauHcai  or  9ea  day  is  the  same  as  the  ^tvU  time,  the  neon  of  each  is  the 
beginning  of  the  astronomioal  day. 

876.  To  find  at  what  time  a  heavenly  body  }nU  eulmmate,  or  pate  ike 
meridian  of  a  given  place.    (See  264e,  p.  69.) 

From  the  Nautical  Almanac  take  the  star's  right  ascension,  also  the 
B.  A.  of  the  mean  sun,  or  sidereal  time.  From'  the  star's  B.  A.,  increased 
by  24  if  necessary,  subtract  the  sidereal  time  above  taken,  the  difference 
will  be  the  approximate  sidereal  time  of  transit  at  the  station.  Apply 
the  correction  for  the  longitude  in  time  to  the  approximate,  by  adding 
for  E.  longitude,  and  subtracting  for  W.  longitude,  the  sum  or  difference 
will  be  the  Greenwich  date  or  time  of  transit.  The  correction  is  0.6671s. 
for  each  degree. 

Ex.   At  what  time  did  a  Scorpio  (Anteres)  pass  the  meridian  of  Copen- 
hagen, in  longitude  12^  85^  £•  of  Greenwich,  on  the  20th  August,  1846  ? 
Star's  B.  A.  ^       16  20  02 

San^s  B.  A.  from  sid.  col.  s=s  9  58  46.5 

Sidereal  interval,  at  station,  =         6  26  16.5 

Cor.  for  long.  =  120  85^  X  0.6671s.  =  +  8.27- 

(Here  8m.  56.55s.  divided  by  ZW  =r  0.6571s.)  6  26  24.77 

This  reduced  to  mean  time,  s=s  6  25  21.46 

The  connection  for  long,  is  added  in  east  and  subtracted  in  west  long. 
Notts.    The  sidereal  columns  of  the  Nautical  Almanac,  are  found  by 
adding  or  subtracting  the  equation  of  time,  to  or  from  the  sun's  B.  A. 
at  mean  noon.    What  we  have  given  in  sec.  264a,  will  be  sufficiently 
near  for  taking  a  meridian  altitude. 

877.  XiATITVDB  BT  OBSBBVATIOX  Off  THB  SUV. 

Bulb.  Correct  the  sun's  altitude  of  the  limb  for  index  error.  Subtract 
the  dip  of  the  horiion.  The  difference  =  apparent  altitude.  From  the 
apparent  altitude,  take  the  refraction  corresponding  to  the  altitude ;  the 
difference  =;  true  altitude  of  the  observed  limb.  To  this  altitude,  add 
or  subtract  the  sun's  semi-diameter,  taken  from  p.  2  of  the  Nautical 
Almanac,  the  sum  or  difference  =  true  altitude  of  the  sun's  centre. 
Add  the  son's  semi-diameter  when  the  lower  limb  is  observed,  and  sub- 
tmot  for  the  upper.  , 

From  90»  Bmbtraet  the  tr«e  altitude,  the  difference  will  be  the  senith 
which  Is  Borfhy  if  the  lenith  of  the  observer  is  north  of  the 
se«thy  if  Us  Beailii  is  south  of  the  suu 

From  the  Ka«tieal  Alma»ac,  take  the  son's  declination,  which  correct 
to  the  kmgitiidt  ef  tte  observor ;  then  if  the  corrected  declination  and 
Ihe  fenith  dletance  be  ef  Hm  same  name,  that  is,  both  north  or  south, 
their  sum  wiB  be  the  latMsde;  but  if  «ne  is  north  and  the  other  soaih, 
their  difference  will  be  the  lati^de. 

p2 


Rxan^U.  Prom  Horic'i  Bpltoma  of  NftTigmUoD,  Anput  80,  1S61,  ii 
long.  1ZQ°  W.,  tho  uoridiaD  «lUlado  of  tho  sun's  lower  limb  wM 
67°  18'  80",  tbo  obMrroc'a  itnith  north  of  tho  aim.  Hdght  of  tho  «jo 
kboTO  tho  horiion,  18  foot    Boqoire  iho  Utitado. 

Obtorrad  dUtado,  67  18  80 

Dip  of  the  hotitoD,  ooiroetion  from  Tablo  XTT,        —       4  06 

Apporoat  kltttndo  of  sno's  lowor  limb  =  67  14  22 

ConootioD  from  Tkblot  XTII  ud  XVIII  for  rotTMtian 

»nd  ponllaz,  —  S2 

Tnu  altitado  of  tbo  nn'i  lowor  limb  =  67  18  60 

Snn'a  Mmi-di»metor  (Tom  N.  A.  for  tho  given  Amy  -{-         16  62 

Tne  altUnde  of  snn'B  Mntra  =  67  29  42 

Zenith  diotueo  =  dO  —  sit  =        82  SO  18    N. 

DooliaalioD  on  80th  Aognst,  is  N.    Q  08  80 

Doolinatiou  on  Slot  August,  U  N.    8  46  6S 


DocUnation,  80th  Anguot,  1 861, 
CorroeUon  for  W.  longitndo  129°  = 


North  loUtudo  =        41  SI  06 

Noiie  giro*  41°  SO'  68",  beoKnse  ho  dooo  not  aso  the  tftbls  of  de«Un«- 
tion  in  the  N.  A.,  bnt  on*  whloh  hi  ooiuiden  opproxirnktelj  nesr. 

Ao  the  N»ulio«l  Almftooci  are  within  the  roaoh  of  every  one,  and  tho 
eiponoe  la  not  moro  than  one  dollar,  it  ia  proanmed  that  eaoh  of  out 
roodoT*  wUI  havo  one  for  OTOry  year. 

'  IkamfU%  On  lheI7thNaTomber,  1646,  inlaBgitDde80<'E.,morid!aa 
altitodo  of  Bon'o  lower  limb  was  60°  6'  aonth  of  the  obBerTOi,  (that  it, 
■ontb  of  hia  lenlth)  tho  oye  being  17  foot  aboTO  tho  level  of  the  horiion. 
Required  the  latitude.    Anawer,  20°  S2'  ^". 

Mora.    On  land  we  have  no  eorroetlon  for  dip. 

378.  To  find  lAt  latitude  tehai  the  eeletlial  ol^eet  it  off  Ike  meridian,  fijr 
Aovnijr  the  hour  angle  betteeen  the  place  ^  Ae  olgcet  and  nuridian,  the  aOi- 
Hide  imd  dtclinaiicn  or  polar  dietance. 

Let  S  =  place  of  tha  atar.  P  the 
elevated  pole.     Z  =^  the  teaith. 

Here  P  8  =  p  ^  codoolination  ^ 
polar  diataaoo. 

Z  8  ^  I  c=  tenith  dialanoe  and 
P  Z  is  the  oolatitude  =  P,  and  the 
hoar  angle,  Z  F  S  =  h. 

By  ease  TI,  we  have  p,  i,  and  the 
hour  angle  ZP  8=  h,  to  Had  P  Z.    Let  fhU  the  perpradievlu  S  H.  Let 
it  Ml  within  the  A  ^  ^  Z,  th«n  we  bav* 
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Tan.  P  H  3=  COB.  Ii  X  ooUn.  aeelination  =  eoB.  h  .  Un.  pol.  diat 

Cos.  Z  M  1=  001.  P  H  X  ■">■  ^^  X  ooMoant  of  deollnation. 

Colstitnd«  =  P  M  -I-  Z  H  irhen  the  perp.  falls  within  /^  F  S  Z. 

ColaUtnde  =  P  M  —  Z  M  when  the  perp.  UIb  withont  the  same. 

It  la  to  be  obserred  that  there  ma;  be  an  ambiguity  whether  the  point 
H  wonld  fall  inalde  or  ont  of  the  A  ^  ^  Z-  ^^"  ""^  "^^  happen  when 
theebjefltisneartheprimeTertieal,  thatiadaeE.orW.  A«  the  Dheer- 
ratiou  ahould  be  made  near  the  meridian,  the  approximate  latitude  will 
show  whether  U  ia  bctweeo  the  pole,  P  and  leoith,  Z  or  not. 

HaTing  the  two  rides  j>  and  i,  and  the  <  h  =^  <  S  F  Z,  we  find  P  Z 
tli«  oolat.  bj  BOO.  872. 

879.     Latitude/rom  a  doubU  dUUudt  o/tht  tm,  and  the  dapied  fnn*. 

The  altitndes  onght  to  be  aa  near  the.  meridian  as  possible,  and  the 
elapsed  time  not  more  than  two  hoara.  When  not  more  than  this  time,  we 
maj  saTel;  take  the  mean  of  the  tun's  polar  dislanoe  at  the  two  altitndea. 

Let  8  and  S'  be  the  poaitlon  of  the 
objeot  at  the  time  of  obaerTatioDS. 

Z  S  and  Z  S'  =  lenith  dlatances. 

P  8  and  P  6',  the   polar  distances. 

Angle  3  P  8'  ^  elapsed  time. 

To  find  the  eolatilnde  =3  P  Z. 

Tariona  rules  are  published  for  the 
soluUon  of  this  problem,  but  we  will 
follow  the  immortal  Ddambrt. 

Delanire,  who  has  oaloolated  more  spherieal  triangles  than  an;  other 
naaii,fonnd,  after  inrestigating  the  many  formulas,  that  the  direet  method    ' 
of  reaolring  the  triangle  waa  the  beat  and  most  aoonrate  method.    We 
now  haTo  the  following : 

P  S  and  P  S'  =  polar  distanoea.        ) 

Z  8  and  Z  8'  =  eolatitndes.  \         To  find  oolaL  P  Z. 

Hoar  angle  =  B  P  8^.  ) 

Half  ofP  8  -I-  P  S'  =  mean  polar  diatanoe  =  p.  , 

One-half  the  eUpsed  time  in  spaee  =^  h.  ' 

Draw  the  perpandioular  P  H,  then  we  hare 

Log.  sin.  S  U  E=  log.  ain.  mean  polar  diatanoe  +  log.  sin.  one-half 
boor  angle  In  apaoe,  and  having  S  H  =  8'  M,  we  have  the  base,  8  M  8'. 

Conseqaentl;,  In  the  ^  8  Z  S',  we  hara  the  three  sides  given  to  find 
tlie  angles,  and  also  tha  three  atdea  of  the  triangle  P  B  B'.  By  sea.  867, 
we  find  the  anglea  P  B  8'  and  Z  B  8^' .  ■.  the  <  P  8  Z  is  fonnd,  and  the 
■Ides  P  S  and  Z  8  ia  found  bj  obserrstion,  then  we  have  in  tbe  triangle 
P  8  Z  tha  two  aidea  P  8,  8  Z  and  the  angle  P  8  Z,  to  Bod  the  oolat.  P  Z. 
Whieh  oan  be  found  by  seo.  369. 

SBO.  n>  Jaui  ttie  UtttHtde  by  a  mridiai*  aUitudt  of  Folarii,  or  any  othtr 
eiraaipolar  tlar. 

Take  the  altilnde  of  the  objeot  abore  and  below  the  pole,  where  great 
■oonraoy  is  required.  Let  their  apparent  senith  diatanoes  be.  i  and  i' 
reapeotiTely,  and  also,  r  and  r',  the  refraetions  dne  to  (he  altitudes,  then 

Coial^uda  ^  toTTKt  teaith  dittanet  =  ^[i  -|-  i'  -|-  r  -|-  r'.) 

Let  A  and  A'  be  the  correct  altitudes,  then  we  have 

Cotaiilvdt  =  1(180  —  (A  +  AO  -f-  (r  -I-  r".) 

Nora.    Here  we  do  not  require  to  know  the  declination  of  the  objeet. 
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B  J  this  method,  we  obMnre  lerenl  eUit,  from  ft  meea  of  wluch  th« 
Utitode  mftj  be  fovnd  witk  greftt  ftoevnoy.  The  instnimeiit  is  to  b« 
plftoed  In  the  pUne  of  the  meridiaii  ee  neat  aa  poatiUe.  Tkt  aldtodfl 
will  be  the  leaat  below  the  pole,  and  gieatest  above  it»  at  the  time  of  its 
meridian  traneit  er  paaeage. 

891.     1^  JM  the  UtUude  b^  m  meridian  Mk$iiid$  ^  •  9tm  iJHimtktptk. 

*  Goireet  the  altitade  aa  aboTe  for  the  son.    From  thia,  take  the  polar 
distanoe,  thedifferenoe  =  the  reqoired  latitude. 

Let  A  and  A^  =  oorreeted  altitodee  aboTe  and  below  the  pole. 

p  =  polar  distanoe  of  the  objeot    Then 

Latitude  =  A  — p  when  *  ia  aboTo  the  pole. 

Latitude  =c  A  -|-  /i  when  *  is  below  the  pole. 

882.     To  find  the  latitude  hy  the  pole  eUtr,  ai  ony  Ume  of  the  day. 

The  following  formula  ia  giTon  in  the  Britiah  Nautieal  AlmanaoB  unoe 
1840,  and  ia  the  aame  in  Sohumaoher'a  Ephemeria : 

L  =  a  —p  •  001.  A  -I-  }  Jin.  V^ip  sin.  AV  tan.  a. 

—  J  «n.  «  1'/  {pwM,h){p  aln.  A)  «. 

If  we  rcjjeot  the  fourth  term,  it  will  never  oause  an  error  more  tbaa 
half  a  eeeond.    Then  we  have 
L  =  a  — p  •  008.  A  4-  )  sin.  V^  {p  sin.  h)*  •  tan.  a. 
Here  L  =  latitude,  a  =  true  altitude  of  the  star. 
p  =  apparent  polar  diatanoe,  expressed  in  seconds. 
A  =  star's  hour  angle  =  S  —  r. 
8  =  sidereal  time  of  obserration. 
r  =  right  asoension  of  the  star. 
p  is  plue  when  the  *  is  W.  of  the  meridian,  and  negatiye  when  B. 

Exatf^le,  In  1858,  Jan.  21,  in  longitude  80^  W.,  about  2  howns  after  th« 
upper  tranait  of  Polaria,  ita  altitude,  cleared  of  index  error.  refraoUon 
and  parallax,  was  obserred  ==  iXy*  1(K.  Star's  declination  =?  SSP  81^  47^^ 
Mean  time  of  obserration  bj  chronometer  r=  7h.  Om.  82.40b!    To  tad 

Hhe  latitude. 

h  m    8 
1858,  Jan.  21,  Polaris'  B.  A.,  16  86.79 

Sidereal  time,  mean  noon,  Qreenwich,  20  8    2.78 

Sid.  interral  from  mean  noon  at  Greenwich  ace  6  2  84.06 

Cor.  m^  X  0.6671,  to  be  aubtraeted  in  W.  long.  62.67 

Sidereal  interral  of  meridian  passage  at  station,        6  1  41.49 
Mean  time  of  obserTation,  7h.  Om.  82.40s.  which, 

reduced  to  sidereal  time  by  Table  XXXT,  =        7  1  41.49 

Hour  angle  A  in  arc  =  80<>  =  in  time,  2  0  00 

p  =  6292.6^^  its  log.  =  8.7286691 
h  =  80<>  ita  log.  cosine,  9.9875806 


» 


Log.  otp  COS.  A  =  8.6611997  =  4688.6  =  first  correction. 

4688.6^'^  =  1«  16^  28.6'^  =  negatiTO  =  —  1«»  16'  28.5'''  =  first  cor. 

To  find  the  eeeond  correction* 

Log.  sin.  A  =  80O  =  9.6989700  )  ^00*001    * 

Polar  di8.i>  =:  5292.6,  log  »  8.7286691  J  =  8-*226291 


(|>  rin.  A}*  =  8.4226291  X^~  6.84C2732 

(gin.  1"-  E3  4.8845449    . 

ten.  of  alt.  40°  Vf  —  9.9268778 

}  tin.  1"  (j> .  ^.  A)  >  .  Un  tf  ^  1.1662009 

^  -f-  14.81"  =  BNond  oor. 

AlUlvd*.  40  10  00 

Pint  ooRHtion  —    1  16  28.60 

88  68  86.60 
Scoond  coneeUan  -f    0    0  14.81 


Q8  68  50.81  =  nqolred  Iktitadt. 

Hon.     Hare  w*  rejeoted  tlis  fonrtli  tern  m  of  do  oonMqnmae. 

The  longitude  may  be  aBBumed  approximate!;  near ;  fei  an  error  at 
0B«  degree  in  longitude,  makea  but  an  error  of  0.6S«.  in  the  hour  an^Sk 

888.     To /but  lie  variation  of  t^  eon^HUi  bg  on  lamulA  ofaitar. 

At  sea.  2S4c  and  264b,  we  have  ihown  bow  to  find  the  aiimnth,  when 
the  atar  waa  at  its  greateat  elongation.  To  find  the  atimnth  at  an;  other 
tine,  we  take  the  altitude,  and  know  the  polar  diatanoe  at  the_  star  and 
the  eolatitnde  of  the  place ;  that  ia,  we  have  the 

Polar  diatanoe,  P  S 

Co^litade,  P  Z 


jUimnth  angle  P  Z  8. 

We  find  tbe  required  angle  P  Z  8  b;  ieo.  867. 

By  Table  XXIII,  we  can  find  the  aiimolh  ftom  the  greatwt  plongatJoii 
«f  eertain  airoampoltr  itarg. 

884.  TBfittdalvAiatiiiuI'olaTU  oranyotter  ilartnia  bt  at  iUgrtaOtt 
•uttrn  or  «atm  Oangation  or  anmuift.  If  true  aliUudt  andgrtatat  owmurt 
at  thitt  timt.     Alto  to  detvnint  thi  trror  of  On  ehrowmtUr  or  muA. 

In  the  foUowing  axample,  let  P  =  polar  dialanee,  L  _<  latitude, 
R.  A.  IT'  right  aaoemioii,  and  0.  A.  ^  greatest  aaimalb. 

QiTOD  the  latitnde  of  obserratory  hooae  in  Chioage  »■  41'  60'  80"  N, 
lon^tude,  67°  84^  V  W.  on  the  let  Deoember,  1860.  to  tad  the  abore. 

Polaris,  polar  dittanoe  =  1°  24'  V, 

Hon.  In  determining  the  greaUst  aiimoth,  we  eeleet  a  atar  whose 
polar  distance  does  not  exceed  16°,  and  for. determining  the  true  mean 
time,  we  Uke  a  star  whose  polar  diatanoe  wiU  be  greater  than  16°  or 
sbonl  20  to  80°,  and  wUoh  oan  bt  nsad  early  in  the  night-  (U«MlaMfi«> 
Me  oUUHdB  aiKl  Hnw  ef  Of  ^aa'a  rfwlett  wImutA,  U  elolmeil  »|r  h>  u 
waw,  afn^ile  wtd  tn/WH6IV  *nH,  owl  «n  »<  ybWMf  »v  oar  arMNwir  mr- 
Mytiiff  ItutrMmofUKAoM  ■«i'IU»i  an  rwwta  to  «4twrtM. 

It  if  generally  baUeTSd  by  tnneyors,  that  when  Polaris,' AUoth  ia 
Una  Mqaris,  or  Oanuna  in  Casuopeae,  are  in  tbv  aama  pUiw  or  TerU- 
nl  line,  Polarii  Is  then  on  the  neridian. 
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It  b  to  be  maoh  regretted  that  the  above  two  last  named  state  so  mmk 
need  by  enrTejors,  have  not  found  plaee  in  the  British  or  Amerifiaa 
Ephemeris.  Howerer,  we  kave  caleulaUd  the  R,  A,  and  deetmaiUm  ^tkm 
m  1940.    See  Table  XXY. 

KoTB.  We  wiU  send  a  eopy  of  this  part  of  our  work  to  the  respeetife 
Nautieal  Almanao  offioes  aboTO  named,  nrging  the  necessity  of  giving  Ue 
right  asoennon  and  declination  of  these  two  stars.  With  what  saoesfls, 
our  readers  will  hereafter  see. 


Tfane  firom  Kerid.  PHMge. 


Tan.  p 
Tan.L  + 


8.888487 
9.951028 


Less 


18.889460 
10. 


Cosine  =        8.839460 

88«  44'  bS^^ 

Sid.  6h.  64m.  59.58s. 


AKltnde  at  G.  A. 


Radius, 
Sine  L  + 


10.000000 
9.824174 


Cos.  p  — 


19.824174 
9.999870 


Sine  =  9.824804 

True  alt        41o  51'  25'' 
Cor.  Ub.  XII  -1-18 
Appt  alt.       41»  52'  88" 


GreatMt  Asimstb. 


Radios »      lO.OOOOOO 
Sine  p  =  +    8.888807 

18.888807 
9.872151 


Cos.  L 


Siness 
1*>  52'  51" 
Greatest  asimuth. 


8.516156 


Polaris  R.  A.  as 

Sun's  R.  A.    s=  sid.  column, 


Ih.  10m.  54.808. 
16     41      25.04 


8     29 


29.26 
57.54 


8     28      81.72 
5     54      59.53 


2 

88 

82.19 

14 

28 

21.25 

2 

28 

21.25 

2 

22 

67.70 

Cor.  for  87<>  84'  7"  at  0.65718.  for  each  deg. 

Upper  transit  in  sidereal  time  s= 

Time  from  meridian  passage  to  G.  E.  A.  = 

This  would  be  in  day  time,  for  Q.  £.  A., 
This  is  after  midnight,  for  G.  W.  A., 
Or,  December  2d, 
Which,  if  reduced  to  mean  time,  giyes 

885.  7h  find  the  aaimuth  or  hearmg  of  Polarii  from  the  nwrufiofi,  whm 
Polarit  and  AUoth  (^mlon  m  Urea  Majorie)  are  on  the  eame  vertical  line. 

Example.  The  latitude  of  obserratory  house  in  Chicago,  (comer  of 
26th  and  Halsted  streets,)  is  41®  50'  80".  Required  the  asimuth  of 
Polaris  when  Tcrtical  with  Alioth,  on  the  first  day  of  January,  1867. 

Eight  AjBoension.  Ann.  rsriation.  K.  P.  D:     Ann.  rarlstioa- 

Polaris,    Ih.  10m.  17s.  -f      19.664b. 

Alioth,   12h.  48m.  lOs.  -f        2.061s. 

Gamma,  Oh.  48m.  42s.  +        8.5618. 

Latitude,  41»  50'  80"  .-.  colatitudc  =  48«>  9'  80". 
Polaris  N.  P.  D.  1^  24'  and  colat.  less  polar  distance  s  Z. 
Altitude  aboYC  the  pole  =  48o  14'  29" 
48<»  9'  80"  —  1«  24'  =  460  45'  80",  xenith  diet,  of  Polaris. 

Td  find  AUoth* e  zenith  dietanee. 
Latitude,  41o  50'  80" 

AUoth  below  the  pole,  88o  19'  05"  ss  polar  distance. 

AUoth's  altitude,  S®  81'  25"         under  transit. 

AUoth's  xenith  distance,  81«  28/  85" 

Polaris**  upper  transit,  1st  January,  1867,  Ih.  10m.  178. 

AUoth's  upper  transit,  12h.  48m.  10s.   Under  at  Oh.  48m.  lOs. 
Hour  angle  in  space  =  5®  81'  46",  in  time  «  22m,  078. 


1» 

28'  59" 

_- 

19.12" 

88» 

19'  05" 

^_ 

19.67" 

SdP 

0'  15" 

^— 

19.618" 

8PH1BI0AL  ABTKOHOMT.  72h*28 

Here  we  find  that  Alioth  paeeee  the  meridian  below  the  pole  22m,  78, 
earlier  than  Polaris  will  pass  aboTe  it,  oonseqnently,  they  will  be  Terti- 
oal  E.  of  the  meridian. 

As  Polaris  moTOS  about  half  a  minute  of  a  degree  in  one  minute  of 
time,  it  is  eyident  that  we  may  take  the  senith  distances  of  both  stars  the 
aame  as  if  taken  on  the  meridian  without  any  sensible  error. 

We  haye  in  the  A  P  ^  S,  fig.  in  seo.  888,  the  sides 

P  8  =  polar  distance.  Z  8  =  senith  distance.  And  the  hour 
sngle  8  P  Z,  in  space,  to  find  the  aiimuth  angle  8  Z  P.    By  sec.  872, 

sin.  <  8  P  Z  •  sin.  P  8       sin.  h  X  8^°-  P 


we  haTC  sin.  <  8  Z  P  i= 


sin.  Z  8  sin.  i 


■^•<^^^= sin.  460  46/  8(K/ ^  ^  ^^ ' 

That  is,  the  aiimuth  of  Polaris  is  11^  £.  of  the  meridian,  when  Alioth  is 
on  it  below  the  pole.  Alioth  is  going  E.  and  Polaris  going  W.,  there- 
fore, they  meet  E.  of  the  meridian.    Their  motions  are 

.     sine  polar'  distance  of  Polaris        sine  polar  distance  of  Alioth. 

sine  of  its  lenith  distance       •        sine  of  its  lenith  distance. 
sine  1**  24/         •     sine  88**  19/  06^/    .    .    .0244  •    .6468 

sine  460  46/  80//     .     sine  81o  28/  86//    .    .    .7286*  "^889 

Or  as  0.0244  X  0.9899  :  0.6468  X  0.7286.    Or  1  :  16. 

And  17  :  11/  :  :  1  :  Polaris'  space  moTod  west  ss  89//  nearly. 

Therefore,  11/  —  89//  ==  N.  10/  21//  £.  =  required  azimuth. 

886.     To  find  the  aarnuth  ofPolarU  when  on  the  eame  vertieal  plane  with  y 
in  Urea  Ma/one^  in  Chicago^  on  the  let  Jan,,  1867:  Lot.  41®  60/  80//. 

B.  A.  of  Polaris  at  upper  transit,  Ih,  10m,  178. 

R.  A.  of  7  TTrs.  M%j.  at  upper  transit^  llh,  46m,  498. 
«•  '•      •<      «  under  transit,  28h,  46m,  49s. 


Hour  angle  in  space,  20^  62/  =  in  sidereal  time  to,   Ih,  28m,  288. 

Polaris'  polar  dist.  aboTC  the  pole  =lo  24/  .%  its  alt  =48o  14/  80//, 
and  the  altitude  taken  firom  90^,  giyes  the  senith  dist.  =46<>  46/  80//. 
Comma's  polar  distance,  firom  Nautical  Almanac,  86^  84/  below  the  pole 
.-.  its  altitude  =  41®  60/  80//  —  86®  84/  =  6o  16/  80//,  and  its  senith 
distance,  88®  48/  80//. 

In  the  Z;^  8  P  Z,  we  haye  the  hour  <  8  P  Z  =  h,  equal  to  20<>  62/, 

P  8  =  1«>  24/,  and  Z  P =48<»  14/  80//.    By  seo.  872, 

Bin.  20*>  62/ X  "in.  1**  24/     * 

sin.  <  8  Z  P=        By  using  Table  A,  • 

sin.  460  46/  80// 

we  hare  sin.  8  Z  P  =  .86619  X  02448 

=  .01196  =  41/ 

.72887 

Angular  motion  of  Polaris  is  to  the  angular  motion  of  y  nearly 

sin.  polar  dist.  of  Polaris     •      sin.  polar  dist.  of  y 

sin.  of  its  senith  dist  •    sin.  of  its  senith  dist. 

« 

sin.  p    •     sin.  P    •     •     sin.  P  X  t^-  <     * 

thai  is.    — : ~": — n  '"* rr~^ — s" .  1.    By  Table  A. 

»      sin.  s    •     sin.  Z     •     •     sin.  p  X  «"*•  Z  •  ^  *«m*^  -«>.» 

sin.  P  =  sin.  86<>  84/  ^  .6817 

sin.  B  »  rin.  460  46/  80//  a»  .7284.    Their  product  =  .42871028  =  B. 
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Sin.  pXBin-Z»8in.  10  24'Xb^-  88*  ^  SC^  =  .0244  X  •  294  = 
.02428842  aC,  diTided  into  B,  gires  the  yalat  of  the  4th  aii]iibers=27. 
As  y  moTOs  E.  2V  and  Polaris  moTee  W.  1^  in  the  same  time,  moving  ^ 
total  distanoe  of  28^  .*.  28 :  41^ : :  1 :  V  28^^  whioh,  taken  from  the 
above  41^  leaves  the  aiimuth  of  Polaris  N.  89^  82^'  E.  of  the  meridiaa. 

Table  XXIII  gives  the  greatest  asimnths  of  certain  stars  near  the  North 
and  South  Poles ;  by  which  the  true  bearing  of  a  line  and  variation  of  the 
compass  can  be  foond  several  times  dnring  the  night  There  are  sevefal 
bright  stars  near  the  North  Pole.  The  nearest  one  to  the  South  Pole  is 
/9  Hydri,  which  is  now  about  12^  from  it  This  caroumstance  led  us  te 
ask  frequently  why  there  should  not  be  the  same  means  given  those  south 
of  the  Equator  as  to  those  north  of  it  It  was  on  the  night  of  the  18th 
January,  1867,  as  we  revelled  iu  a  pleasant  starry  dream,  that  we  heard 
the  words^OW  Aa«  ^imm  tiU  Ctoh  to  hmm  ik$  imbltm  of  mud  fmide  t»  aa^ 
fhUiom,  ffe  ka$  oUo  mmde  Hu  Souihtm  Orou  ^  ^mde  m  Smve^m^  €mi 
NaoiffotuM,  Not  a  moment  was  lost  in  seeing  if  this  was  so.  We  found 
fh»m  our  British  Association's  Catalogue  of  Stars,  that  when  a^  (a  star  of 
the  first  magnitude)  in  the  foot  of  the  Southern  Oroes  waa  vertical  with  fi 
(a  bright  star)  in  the  tail  of  the  Serpent,  that  then,  in  lat  12o,  they  were 
within  y  W  of  the  true  meridian,  and  that  their  annual  variations  are 
so  small  as  to  require  about  60  yean  to  make  a  change  of  half  a  miante 
in  the  asimuth  w  bearing  of  any  line. 

We  r^oioe  at  the  valuable  discovery,  but  struck  witlr  awe  at  the  fore- 
thought of  the  Great  Creator  in  ordaining  such  an  infallible  guide,  and 
brought  once  more  to  mind  the  expression  of  Capt  King,  of  the  Boyal 
Engineers,  who,  after  taking  the  time  according  to  our  new  method,  in 
1846,  near  Ottawa,  Canada,  and  seeing  the  perfect  work  of  the  heavens, 
8aid^<«  Who  daru  toy  there  u  no  Godf* 

Our  readers  will  perceive  that  Tables  XXin,  XXVI,  XXVII  and 
XXVIII  are  original^  and  the  result  of  much  time  and  labor. 

Table  XXVI  gives  the  asimuth  of  ^  Crucis  when  vertical  wiUi  j9  Hydra 
itt  the  southern  hemisphere  until  the  year  2160. 

Table  XXVU  gives  the  asimuth  of  Polaris  when  vertical  with  Al&oOi 
in  Ursa  Midoris  until  the  year  1940. 

Table  XXVIII,  when  Polaris  is  vertical  with  y  in  Gassiopeae  tUl  1940. 

887.  so  niTBEXiiiB  tbu  rnu>  timb. 

The  true  time  may  be  obtained  by  a  meridian  passage  of  the  sun  or 
star.  When  the  telescope  is  in  the  plane  of  the  meridian,  as  in  observa- 
tories, we  find  the  meridian  transit  of  both  limbs  of  the  sun,  the  mean  of 
whioh  will  be  the  apparent  noon,  which  reduce  to  mean  time  by  adding 
or  subtracting  the  equation  of  time.  If  we  observe  the  meridian  pas- 
sage of  a  staCy  we  oompare  it  with  the  calculated  time  of  transit,  and 
thereby  find  the  error  of  the  chronometer  or  watch. 

888.  By  equal  aliUudee  of  a  star,  the-mean  of  both  will  be  the  appar- 
ent time  of  transit,  which,  compared  with  the  calculated  time  of  transit, 
will  give  the  error  of  the  watch,  if  any. 

889.  Bif  equal  aUitudet  qf  tAe  Mm,  taken  between  9  a.  h.  and  8  p.  m. 
In  this  method  we  will  use  Baily's  Formula,  and  that  part  of  his  Table 
XYI,  from  2  to  8  hours  elapsed  time  between  the  observations. 
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X  =  ±  A  -J  tan.  L  +  B  cJ  tan.  D.     Hero 

T  =  time  in  hours,  L  =  latitude  of  place,  minus  when  south. 

D  ==  dec.  at  noon,  also  mintu  when  south, 

rj  =  doable  Tariation  of  dec.  in  seconds,  deduced  'from  the  noon  of  the 
preceding  day  to  that  of  the  following.     Minus  when  the  sun  is  going  S. 

X  =  correction  in  seconds,  A  is  minus  if  the  time  for  noon  is  required, 
tLndpltu  when  midnight  is  required.  The  values  of  A  and  B  for  time  T, 
may  be  found  from  Table  XXYIIIa,  which  is  part  of  Bai1y'&  Table  XVI, 
and  agrees  with  Col.  Frome*8  Table  XIV,  in  his  Trigonometrical  Survey- 
ing, and  also  with  Gapt.  Lee*8  Table  of  Equal  Altitudes.  We  give  the 
Talues  of  A  and  B  but  for  6  hours  of  elapsed  time  or  interral,  for  before 
or  after  this  time,  (that  is,  before  0  a.  m.  or  after  8  p.  v.)  it  will  be  better 
to  take  an  altitude  when  the  sun  is  on  or  near  the  prime  vertical,  which 
time  and  altitude  may  be  found  from  Tables  XXI  and  XXII  of  this  work. 

890.  To  determine  the  time  at  Tasche  in  lal,  45®  48^  norths  on  the  9M  of 
Auffustj  1844,  by  equal  altitudes  of  the  sun. 


o      / 
Alt.  XJ.  L.     78  50 


ii 


(( 


<( 


79  19.30 
85  36.00 


87  02.10 


Chronometer  Time. 


A.  M. 


h  m  s 

1  28  23 

1  29  52.8 

1  49  88 

1  58  58.5 


P.M. 


h   m    s 
8  08  16.5 


8  01  46 
7  42  18 
7  87  46.2 


} 


Elap.  time  T. 


h    m 
6  83 


5  48 


Value  of  X. 


s 
10.68 


10.1 


Here  the  sun  is  going  south,  therefore  D  is  minus.  The  lat.  is  north, 
.'.  L  ia plus.  Also  fi  is  minus.  We  want  the  time  of  noon,  .*.  the  value 
of  A  is  minus,  and  —  AX  —  ^X+^f  ^'^^^  ^®  positive  or  plus,  and  also, 
B  X  —  <^  X  —  ^9  ▼ill  he  plus  in  the  following  calculation,  where  we  find 
(5  =  2094^^ — firom  the  Nautical  Almanac: 

T  =  6h.  8m.  its  log.  A  ==  —  7.7793,  and  log.  B  =  —  7.6951. 
rT  =  2094^^  its  log.  —  —  3.8210,  log.  (J  =  —  3.310. 
L  =  45°  48^  log.  tan.  =  +  0.0121,  log.  tan.  D  =  —  9.4433. 
First  correction  -f  12.95s.  =  1.1124.     2.82s.  ==  —  0.8654. 
Second  correction        2.32 


x  = 

10.08 

Time  A.  M. 

—  / 

= 

Ih.  28m. 

23.08. 

Time  P.  M. 

—  <' 

== 

8     03 

16.5 

<  4-^'  = 

9     31 

39.5 

t-\-t^ 
2 

4     45 

49.75 
10.68 

4     46      00.88  chronometer  time  of  app*t  noon. 
05      09.09  equat  time  from  Naut.  Almanac. 


p'6 


4h.40ro.  51.298.  chronom.  fast  of  mean  time,  at 

app't  noon,  August  9,  1844. 
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Correct  this  for  the  daily  rate  of  loss  or  gain  b>  the  chronometei^ 
result  will  be  the  true  mean  time  of  chronometer  at  apparent  noon, 
time  converted  into  space,  will  give  the  long.  W.  of  the  meridian^ 
whose  mean  time  the  chronometer  is  supposed  to  keep.  The  above  is  one 
of  Col.  J.  D.  Graham's  obsenrations,  as  given  by  Captain  Lee,  U.  S.  T.  E. 
in  his  Tables  and  Formulas* 

Tim  by  Equal  AUituda,    (See  sec.  388.) 

We  set  the  instrument  to  a  given  altitude  to  the  nearest  minate  in 
advance  of  the  star,  and  wait  till  it  comes  to  that  altitude. 

Example  from  Ycung^9  KauUcal  Astronomy^ 

Observations  made  on  the  star  Arctums,  Nov.  29,  1858,  in  longitude 

98''  3(y  £.  to  find  the  time  : 

Tlmei  •bown  bj  Sum  of  TinMR. 

Chronometer, 
h.    m.    s.  li«  m. 

11  65  47  \ 
18  11  55  / 

11  57  57 
18    9  45 

12  0    7  \ 
18    7  35  / 

From  the  sum  of  the  times,  we  get  the  chronometer  time  of  the  star's 

meridian  passage,  or  transit,  equal  to  15h.  8m.  618. 

h.   m.    R. 
Arcturus,  R.  A.  Nov.  29,  14    9  18 

R.  A.  of  mean  sun,  sid.  col.,         16  20  48    Piff.  for  Ih.  =  -f  10.769. 

ISl  hours. 


Altitudes  S.  and  W. 

of  tbeMorkUftO. 

o  f 

48  10 


48  30 


43  50 


{ 
{ 


30  7 


8. 

42 


} 


80  7  42 


80  7  42 


Maan  time  of  transit  at  station.    21  48  25  nearly. 


Long.  980  30'  E  in  time, 
Mean  time  at  Greenwich, 
Cor.  for  15J  hours, 

Mean  time  at  Greenwich, 
Mean  time  by  chronometer, 
Error  on  mean  time, 

Mean  time  cf  transit  at  place. 
Cor.  for  increase  in  R.  A., 


6  24  00  subtract.  164.09 

15  14  25  nearly.  or  2m.  44s. 

2  44  subtract,  because  R.  A.  is 

increasing. 

15  11  41 

15    3  51 

7  50  at  station. 

h.    nit   B. 

21  48  25  nearly. 

—         2  44 


21  45  41 
15    8  61 
6  41  50  at  station. 


Mean  time  as  s>hown  by  chrcnooieter, 
Error  of  chronometer  on  mean  time, 

By  sec.  888.     Set  the  altitude  to  a  given  minute  in  advance,  and  wait 
till  the  star  comes  to  this,  and  note  the  mean  time. 

Time  beftre  Midnight  Altitudes  of  Star, 

h.  m.    ».  o       ' 

9  50  10  50    0 

50  10  2  7  80 

50  20  7  19 


Time  After  Midnight, 
h.  m.  s. 
2  740 


9  50  20 
9  50  21 

9  50  20.8 
14     7  29.7 

2)  23  57  50.0 


2  7  29.7   Mean. 
12 


14  7  29.7 


11  58  55  .  Mean  time  by  clock  at  station. 
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390.*  IVue  UmeJty  a  Horizontal  Dial. 

This  dial  is  made  on  slate  or  brass,  well  fastened  on  the  top  of  a  post 
or  colamn,  and  the  faoe  engraved  like  a  clock.  (See  fig.  49.)  It  may  be 
set  bj  finding  the  true  mean  time  and  reduoing  it  to  the  apparent,  by 
means  of  the  equation  of  time,  found  in  all  almanacs.  Having  the  correct 
apparent  noon  by  clock,  set  the  dial. 

Olkencist,  Near  the  dial  make  a  board  fast  to  some  horizontal  surface, 
on  which  paste  some  paper,  and  draw  thereon  several  cocentric  circles. 
Perpendicular  to  (his,  at  the  common  centre,  erect  a  piece  of  fine  steel 
wire,  and  watch  where  the  end  of  its  shadow  falls  on  the  circles  between 
the  hours  of  9  and  3.  Find  the  termini  on  two  points  of  the  same  or  more 
circles ;  bisect  the  spaces  between  them,  through  which,  and  the  centre 
of  the  circles,  draw  a  line,  which  will  be  the  12  o'clock  hour  line,  from  which, 
at  any  future  time,  we  may  find  the  apparent,  and  hence  the  true  mean  time. 

A  brass  plate  may  be  fastened  to  an  upper  window  sill,  in  which  set 
A  perpendicular  wire  as  gnomon,  and  draw  the  meridian. 

Calculation.  We  have  the  latitude,  hour  angle  and  radius  to  find  the 
hour  arc  from  the  meridian. 

Rule.  Rad.  :  sin.  lat.  :  :  tan.  hour  angle  :  tan.  of  the  hour  arc  from 
the  meridian. 

Example.  Lat.  4X°.  Hour  angle  between  10  and  12  =  2  hours  =  30^. 
As  1  :  .65606  :  :  .57735  :  tan.  hour  arc  =  .37878,  whose  arc  is  = 
20°  44''  55^^ 

In  like  manner  we  calculate  the  arc  from  12  to  each  of  the  hours,  1,  3 
and  5,  which  are  the  same  on  both  sides.  The  morning  and  evening 
hours  are  found  by  drawing  lines  (see  fig.  49)  from  3,  4  and  5  through 
the  centre  or  angle  of  the  style  at  c.  These  will  give  the  morning  hours. 
For  the  evening  hours,  draw  the  lines  through  7,  8,  9,  and  centre  d,  at 
the  angle  of  the  style.  The  half  and  quarter  hours  are  calculated  in  like 
manner.  The  slant  of  the  gnomon,  d  f,  must  point  to  the  elevated  pole, 
and  the  plate  or  dial  be  set  horizontal  for  the  lat.  for  which  it  is  made. 
The  <^  of  the  gnomon  is  equal  the  latitude.  A  horizontal  dial  made  for 
one  latitude  maybe  made  to  answer  for  any  other,  by  having  the  line  df 
point  to  the  elevated  pole.  Example.  One  made  for  lat.  41°  may  be  used 
in  lat.  50°,  by  elevating  the  north  end  of  the  dial  plate  9°,  and  vice  versa. 

.The  following  table  shows  the  hour  arcs  at  four  places : 


Lat.  41°. 

Lat.  49°. 

Lat.  54°  36^ 

Lat.  55°  62'. 

Belfast,  Ireland 

Glasgow,  Sootl'd. 

Ih.  —  9°  68^ 

11°  26' 

12°  19' 

12°  30' 

2    20  45 

23   33 

25   12 

25   32i 

3    33  16 

37   03 

39   11 

39   37J 

4    48  89 

62   35 

54   41 

55   08i 

5    67  47 

70  27 

71   48 

72   04 

6    90  00 

90  00 

90   00  • 

90   00 

To  set  off  these  hour  arcs,  we  may,  from  c,  set  off  on  line  c  n  the  chord 
of  60°  and  describe  a  quadrant,  in  which  set  off  from  the  line  c  n  the  hour 
arcs  above  calculated. 

In  our  early  days  we  made  many  dials  by  the  following  simple  method : 

IVe  draw  the  lines,  c  n  and  ff  A,  so  that  c  ff  will  be  5  inches,  and 
described  the  quadrants,  c,  g,  k, 

We  have,  by  using  a  scale  of  20  parts  to  the  inch,  a  radius  c  k  =  100. 

As  the  chord  of  an  arc  is  twice  the  sine  of  that  arc,  we  find  the  sines 
of  half  the  above  hour  arcs  in  Table  A ;  double  it ;  set  the  decimal  mark 
two  places  ahead ;  those  to  the  left  will  be  divisions  on  the  scale  to  be  set 
off  from  k  in  the  arc  k  g.     Example — 

Let  half  of  the  hour  arc  =  4°  59^,  twice  its  sine  =  .17374,  which  give 
17.4  parts  for  the  chord  to  be  set  off. 
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391.  By  our  new  mtlhodj  we  select  one  of  the  bright  circumpolar  stars 
giren  in  the  N.  A.,  whose  polar  distance  is  between  15  and  30  degrees. 
(See  our  Time  Stars  in  Table  XXIY.) 

By  sec.  264e,  we  find  the  sidereal  time  of  its  meridian  passage  =  T. 
By  sec.  2646,  we  find  its  hour  angle  from  ditto  =  U 
By  sec  264/,  we  haye  its  true  altitude  A,  when  at  its  greatest  azimuth 
or  elongation  from  the  meridian. 

Example.  Star,  S,  on  a  giren  day,  in  latitude,  L,  passed  the  meridian 
at  time,  T,  and  took  time,  t,  to  come  to  its  greatest  azimuth,  east  or  west 

We  now  reduce  the  sidereal  time  to  mean  time. 

Greatest  eastern  azimuth  was  at  time  T  —  t.    Mean  time. 

Greatest  western  ditto,  T  +  U         Ditto. 

True  altitude  of  its  greatest  azimuth  s=  A. 

Let  r  s=s  reAraotion  and  t  index  error,  then  App.  alt.  =  A  -f-  r  ^  t. 

We  now  set  the  instrument  a  few  minutes  before  the  calculated 
sidereal  time  reduced  to  mean  time,  and  elevate  the  telescope  to  the 
alt.  =^A-\-r±:i,  and  obserTC  when  the  star  comes  to  the  cross  burs 
at  time  T^. 

The  difference  between  mean  time,  T  dzt  and  T^  gives  the  error  of 
time  as  shown  by  the  watch  or  chronometer. 

This  method  is  extremely  accurate,  because  the  star  changes  its  alti- 
tude rapidly  when  near  its  greatest  elongation.  As  we  may  take  several 
stars  on  the  same  night,  we  can  have  one  observation  to  check  another. 

Now  having  the  true  time  at  station  and  an  approximate  longitude,  we 
can  find  a  new  longitude,  and  with  it  as  a  basis,  find  a  second,  and  so  on 
to  any  desired  degree  of  accuracy. 

392.  To  find  the  difference  of  Longitude, 

1.  By  rockets  sent  up  at  both  stations,  the  observers  having  previously 
compared  their  chronometers  and  noted  the  time  of  breaking. 

2.  As  the  last,  but  instead  of  rockets,  flashes  of  gunpowder  on  a  metal 
plate  is  used.  This  signal  can  be  seen  under  favorable  circumstances,  a 
distance  of  forty  miles. 

3.  By  the  electric  telegraph. 

4.  By  the  Heliostat. 

6.     By  the  Drummond  light 

6.  By  moon  culminating  stars. 

7.  By  lunar  observations. 

In  7,  we  require  the  altitudes  of  the  moon  and  star,  and  the  angular 
distance  between  the  moon's  bright  limb  and  the  star  at  the  same  time, 
thus  requiring  three  observers.  If  one  has  to  do  it  alone,  he  takes  the 
altitudes  first,  then  the  lunar  distance,  note  the  times,  and  repeat  the 
observations  in  reverse  order,  and  find  the  mean  reduced  altitude,  also 
the  mean  lunar  distance. 

8.  By  occultation  or  eclipse  of  certain  stars  by  the  moon. 

393.  By  the  Electric  Telegraph, 

The  following  example  and  method  used  by  the  late  Col.  Graham  is  so 
very  plain,  that  we  can  add  nothing  to  it  No  man  was  more  devoted  to 
the  application  of  astronomy  to  Geodesey  than  he : 
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LONGITUDE    OF    CHICAGO    AND    QUEBEC. 

The  following  interesting  letter  of  Col.  Graham,  Superintendent  of 
U.  S.  Works  on  the  Northern  Lakes,  is  in  reference  to  the  observations 
made  by  him,  in  conjunction  with  Lieut.  Ashe,  R.  N.,  in  charge  of  the 
obserratory  at  Quebec,  to  ascertain  the  difference  of  longitude  between 
this  city  and  Quebec :     . 

Chicago,  June  5,  1867. 

To  the  Editor  of  the  Chicago  Times :  A  desire  having  been  expressed  by 
some  of  the  citizens  of  Chicago  for  the  publication  of  the  results  of  the 
observations  made  conjointly  by  Lieut  E.  D.  Ashe,  Royal  Navy,  and  my- 
self, on  the  night  of  the  15th  of  May,  ult.,  for  ascertaining  by  telegraphic 
signals  the  difference  of  longitude  between  Chicago  and  Quebec,  I  here- 
-with  offer  them  for  your  columns,  in  case  you  should  think  them  of  suffi- 
cient interest  to  be  announced.  All  the  observations  at  Quebec  were 
made  under  the  direction  of  Lieut.  Ashe,  who  has  charge  of  the  British 
observatory  there,  while  those  at  this  place  were  made  under  my  direction. 

The  electric  current  was  transmitted  via  Toledo,  Cleveland,  Buffalo, 
Toronto  and  Montreal,  a  distance,  measured  along  the  wires,  of  1,210 
miles,  by  one  entire  connection  between  the  two  extreme  stations,  and 
without  any  intermediate  repetition ;  and  yet  all  the  signals  made  at  the 
end  of  this  long  line  were  distinctly  heard  at  the  other,  thus  making  the 
telegraphic  comparisons  of  the  local  time  at  the  two  stations  perfectly 
satisfactory. 

This  *Mocal  time"  was  determined  (also  on  the  night  of  the  15th  ultimo) 
by  observations  of  the  meridian  transits  of  stars,  by  the  use  of  transit 
instruments  and  good  clocks  or  chronometers  at  the  two  stations.  The 
point  of  observation  for  the  **  time"  at  Quebec  was  the  citadel,  and  at 
Chicago  the  Catholic  church  on  Woloott  street,  near  the  corner  of  Huron. 

The  following  is  the  result : 

• 

1.  OHICAOO  SIGNALS  BKCOBDED  AT  BOTH   STATIONS.     KLBCTBIC  PLUID  TRANB- 

MITTBD  FBOai  WKST  TO  XA6T. 

Correct  Chicago  Correct  Quebec  DifTerence  of  lonf^itude. 

sidereal  time  sidereal  time  Electric  fluid  transmitted 

of  signals.  of  signals.                                 from  west  to  east, 

b.  m.  8.  h.  m.  s.                                       h.  m.  s. 

16  11  13.19  16  16  64.83                                       1  06  41.64 

15  4218.28  16  47  59.83                                      1  05  41.56 
Mean  ]  electric  fluid  transmitted  from  west  to  east,                 1  05  41.596 

2.  QUEBEC    SIGNALS   BBCORDICD    AT   BOTH   STATIONS- ELECTBIO    FLUID   TBANS- 

MITTED    F&OaC    EAST   TO    WEST. 

Correct  Quebec                          Correct  Chicago  Difference  of  longitude, 

sidereal  time                               sidereal  time  .  Klectric  fluid  transmitted 

of  signals.                                   of  signals.  from  east  to  west, 

b.  m.  8.                                           h.  m.  s.  h.  m.  s. 

16  24  16.83                                       16  18  34.40  1  06  41.43 

16  54  45.83                                       16  49  04  89  1  06  4141 

Mean;  electric  fluid  transmitted  from  east  to  west.  1  U6  41.435 

Mean ;  electric  fluid  transmitted  fVom  west  to  east,  as  above,  1  06  41.596 

Result— Chicago  west,  in  longitude  f^om  Quebec,  1 06  41.615 

Difference  between  results  of  electric  fluid  transmitted  east  and  west  =  0.16  and 

balfdlfll  =0.08. 

From  which  it  would  appear  that  the  electric  fluid  was  transmitted  along 
the  wires  between  Chicago  and  Quebec  in  8-lOOths  of  a  second  of  time. 
At  this  rate  it  would  be  only  1 J  seconds  of  time  in  being  transmitted 
around  the  circumference  of  the  earth. 

I  will  now  proceed  to  a  deduction  of  the  longitude  of  Chicago,  west  of 
the  meridian  of  Greenwich,  by  combining  the  above  result  with  a  deter- 
mination of  the  longitude  of  Quebec  made  by  myself  in  the  year  1 842, 
while  serving  as  commissioner  and  chief  astronomer  on  the  part  of  the 
United  States  for  determining  our  northwestern  boundary,  which  will  be 
found  published  at  pages  808-369  of  the  American  Almanac  for  the  year 
1848.  That  determination  gave  for  the  longitude  of  the  centre  of  the 
citadel  of  Quebec  west  of  Greenwich : 
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h.  m.     s. 
4    M    49^ 

Diflerence  of  longitude  between  the  same  point  and  the  Catholic  Church 
on  Wolcott  ittrect,  near  the  intersection  of  Huron  street,  Chicago,  by 
the  above  dencribcd  operations.  1    06    41^ 

Longitude  west  of  Greenwich,  of  the  Catholic  Church  on  Wolcott  street, 
street,  near  Huron  street,  Chicago,  Illinois,  5   60   Zk^ 

That  is  to  say,  five  hours,  fifty  minotes,  thirty-one  and  sixteea-him- 
dredth  seconds  of  time,  or  in  arc,  87deg.  37min.  47  4-108ec. 

J.  D.  Graham, 

Major  Topographical  Engineers,  Brevet  Lient.  Cd.  U.  S.  Amy. 

By  the  Hdiottat. 

This  instrument  consists  of  a  mirror,  pole,  Jacob  staff  or  rod,  and  a 
brass  ring  with  cross  wires.  The  bras*  ring  used  in  our  Holioetat,  is  | 
of  an  inch  thick  and  S\  inches  diameter.  In  this  is  fixed  a  steel  point  2 
inches  long.  There  are  4  holes  in  the  ring  for  to  recelTe  cross  wires 
or  silk  threads  made  fast  by  wax.  The  fiag-staff  is  bored  at  ererj  6 
inches  on  both  sides  to  receive  the  ring,  which  onght  to  be  at  a  sufficient 
distance  from  the  side  of  the  pole  so  as  not  to  obstruct  the  direction  of 
the  reflected  rays  of  the  sun.  The  pole  and  ring  are  set  in  direction 
of  station  B,  about  80  to  40  feet  in  advance  of  the  mirror  plaoed  over 
station  A,  and  the  centre  of  the  ring  in  direction  of  B,  as  near  as 
possible.  The  ring  can  be  raised  or  lowered  to  get  an  approximate 
direction  to  B.  It  will  be  well  to  remove  the  rings  from  side  to  sid^, 
till  the  observer  at  B  sees  the  flash  given  at  A,  when  B  sends  a  reton 
flash  to  A. 

The  mirror  is  of  the  best  looking-glass  material,  3|  inches  in  diameter, 
set  in  bronzed  brass  frame  or  ring,  4}  inches  outer  diameter,  3}  inches 
inner  diameter,  and  three-tenths  of  an  inch  thick.  This  is  set  into  a 
semicircular  ring,  four-tenths  of  an  inch  thick,  leaving  a  space  between 
it  and  the  mirror  of  two- tenths  of  an  inch ;  both  are  connected  hj  two 
screws,  one  of  which  is  a  clamping  screw.  Both  rings  are  attached  to 
a  circular  piece  of  the  same  dimensions  as  the  outer  piece,  1}  inches 
long;  and  to  this  is  permanently  fixed  a  cylindrical  piece,  ^  inch  in 
diameter  and  1^  inches  long,  into  which  there  is  a  groove  to  receive  the 
clamping  screw  from  the  tube  or  socket. 

The  socket  or  tube,  is  8  inches  long,  and  }  inch  inner  diameter,  hav- 
ing two  clamping  screws,  one  to  clamp  the  whole  to  the  rod  or  Jacob 
staff,  and  the  other  to  allow  of  the  mirror  being  turned  in  any  direcii<«. 

By  these  three  clamping  screws,  the  mirror  is  raised  to  any  required 
height,  and  turned  in  any  direction.  The  back  of  the  mirror  is  lined  with 
brass,  in  the  centre  of  which  there  is  a  small  hole,  opposite  to  which 
the  silvering  is  removed.  The  observer  at  A  sets  the  centre  of  the  miiror 
over  station  A,  looks  through  the  hole  and  through  the  centre  of  the 
cross,  and  elevates  one  or  both,  till  he  gets  an  approximate  direction  of 
the  line.  A,  B.     Our  Ueliostat,  with  pouch,  weighs  but  3}  pounds. 

A  mirror  of  4  inches  will  be  seen  at  a  distance  of  40  miles.  One  of  8 
to  10  inches  will  be  seen  at  a  distance  of  100  miles. 

We  use  a  mirror  of  4  inches  diameter,  fitted  up  in  a  superior  style  by 
Mr.  B.  Kratzenstein,  mathematical  instrument  maker,  Chicago.  Like 
all  his  work,  it  reflects  credit  on  him.  Vfe  have  found  it  of  great 
use  in  large  surveys,  such  as  running  long  lines  on  the  prairies,  where 
it  is  often  required  to  run  a  line  to  a  given  point,  call  back  our  flagman, 
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or  make  him  move  right  or  left.  We  are  indebted  to  Mr.  James  Reddy, 
now  of  Chicago,  formerly  ciyilian  on  the  Ordnance  Surveys  of  Ireland, 
^England  and  Scotland,  for  many  hints  respecting  the  construction  and 
application  of  the  Heliostat. 

Example,  Let  A  be  the  east  and  B  the  west  station.  Observer  A  shuts 
ofif  the  reflection  at  2h.  p.  h. — 2h.  Im.— 2h.  2m.,  etc.,  which  B  observes 
to  agree  with  his  local  time  Ih. — Ih.  Im. — Ih.  2m.,  etc.,  showing  a 
difference  in  time  of  Ih.  or  15  degrees  of  longitude. 

The  Drummond  lAghU 

This  light  was  invented  by  Captain  Drummond,  of  the  Royal  Engineers, 
when  employed  on  the  Irish  Ordnance  Survey.  It  is  made  by  placing 
a  ball  of  lime,  about  a  quarter  of  an  inch  in  diameter,  in  the  focus  of  a 
parabolic  reflector.  On  this  ball  a  stream  of  oxy-hydrogen  gas  is  made 
to  bum,  raising  the  lime  to  an  intense  heat,  and  giving  out  a  brilliant 
light.  This  has  been  used  in  Ireland,  where  a  station  in  the  barony  of 
Ennishowen  was  made  visible  in  hazy  weather,  at  the  distance  of  67 
miles.  Also,  on  the  81st  December,  1848,  at  half-past  8  p.  m.,  a  light 
was  exhibited  on  the  top  of  Slieve  Donard,  in  the  County  Down,  which 
was  seen  from  the  top  of  Snowdown,  in  Wales,  a  distance  of  108  miles. 
On  other  mountains,  it  has  been  seen  at  distances  up  to  112  miles.  A,^ 
tne  apparatus  is  both  burdensome  and  expensive,  and  the  manipulation 
dangerous,  unless  in  the  hands  of  an  experienced  chemist,  we  must  refer 
our  readers  to  some  laboratory  in  one  of  the  medical  colleges.  The 
Heliostat  is  so  simple  and  so  easily  managed,  that  it  supersedes  the  Drum- 
mond light  in  sunny  weather.     {^%^  Trigonometrical  Surveying.) 

To  find  the  Longitude  by  Moon  Culminaiing  Stars. 

f         894.     We  set  the  instrument  in  the  plane  of  the  meridian  by  Polaris 

I     at  its  upper  or  lower  transit,  or  its  greatest  eastern  or  western  elonga- 

I     lion,  or  azimuth.    If  we  cannot  use  Polaris,  take  one  of  the  stars  in 

Ursa  Minoris  at  its  greatest  azimuth,  as  calculated  in  Table  XXIII.    When 

the  instrument  is  thus  set,  let  there  be  a  permanent  mark  made  at  a 

I     distance  from  the  station,  so  as  to  check  the  instrument  during  the  time 

I     of  making  the  observations.    If  the  instrument  be  within  a  few  minutes 

I     of  the  meridian,  it  will  be  sufficiently  correct  for  our  purpose ;  but  by 

the  above,  it  can  be  exactly  placed  in  the  meridian. 

Moon  etUminaling  stare  are  those  which  differ  but  little  in  declination 

:     from  the  moon,  and  appear  generally  in  the  field  of  view  of  the  telescope 

along  with  the  moon.    We  observe  the  time  of  meridian  passage  of  the 

I     moon's  bright  limb  and  one  of  the  moon  culminating  stars,  selected 

from  the  Nautical  Almanac  for  the  given  time. 

Let  L  ==  longitude  of  Greenwich  or  any  other  principal  meridian. 

I,  longitude  of  the  station. 

A,  the  observed  difference  of  R.  A.  between  the  moon's  bright  limb, 

and  star  at  L,  from  Nautical  Almanac. 

a,  observed  difference  R.  A.  between  the  same  at  the  station. 

d,  difference  of  longitude. 

h,  mean  hourly  difference  in  the  moon's  R.  A.  in  passing  from  L  to  L 

A— a 
Then  we  have  rf= 
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The  following  example  and  solation  is  from  Colonel  Frome*B  Trigo- 
nometrical Surveying,  p.  23^.     London,  1862. 

At  Chatham,  March  9,  1838,  the  transit  of  a  Leonis  was  observed  by 
chronometer  at  lOh.  20m.  Ts. ;  the  daily  gaining  rate  of  chronometer 
being  1.68.  to  find  the  longitude. 

Eastern  Meridian^  Chatham,     Observed  transiis. 

a  Leonis, 

Moon's  bright  limb, 


On  account  of  rate  of  chronometer, 
A8  24h:  1.58.:  }h.  :  0.038. 

Equivalent  in  sidereal  time,  — 

Western  Meridian,  Oreenwieh,     Apparent  right  ascension. 

h.   nu      8. 
a  Leonis,  9  69  46.18 

Moon»B  bright  limb,  10  27  16.76 


A,        0  27  30.58 
Observed  transits,  a,        0  27  25.96 


Difference  of  sidereal  time  between  the  intervals  =  A — a=^  0  0  4.62 
Due  to  change  in  time  of  moon's  semidiameter  passing  the 

meridian,  (N.  A.,  Table  of  Moon's  Culminating  Stars,)'  -f  0  0  0.01 
Difference  in  moon's  right  ascension,  0    0     4.63 

Variation  of  moon's  right  ascension  in  1  hour  of  terrestrial  longitude 
is,  by  the  Nautical  Almanac,  112.77  seconds. 

Therefore,  As  112.77  :  Ih.  :  :  4.68s.  :  :  147.80  =2m.  27.88.,  the 
difference  of  longitude. 

When  the  difference  of  longitude  is  considerable,  instead  of  using  the 
figures  given  in  the  list  of  moon  culminating  stars  for  the  variation  of 
the  moon's  right  ascension  in  one  hour  of  longitude,  the  right  ascension 
of  her  centre  at  the  time  of  observation  should  be  found  by  adding  to  or 
subtracting  from  the  right  ascension  of  her  bright  limb  at  the  time  of 
Greenwich  transit,  the  observed  change  of  interval,  and  the  sidereal 
time  in  which  her  semidiameter  passes  the  meridian.  The  Greenwich 
mean  time  corresponding  to  such  R.  A.,  being  then  taken  from  the  N.  A. 
and  converted  into  sidereal  time,  will  give,  by  its  difference  from  the 

observed  R.  A.,  the  difference  of  longitude  required.     From  above :     ' 

h.   m.      s. 
Moon's  R.  A.  at  Greenwich  transit,  10  27  16.76 

Sidereal  time  of  semidiameter  passing  the  meridian  -|*    ^    ^     ^-^^ 


Moon's  R.  A.  at  Greenwich  transit,  10  28  19.02 

Observed  difference,  0    0    4.62 


Moon's  R.  A.  at  the  time,  and  sid.  time  at  station,  10  28  14.40 

Greenwich  mean  time,  corresponding  to  the  above  R.  A., 
taken  from  Nautical  Almanac,  (Table,  Moon's  R.  A .  and 
Dec.,)  lib.  17m.  0.5s.,  or  sidereal  time,  ^0  25  46.5 

Difference  of  longitude,  .  0    2  27.9 


h.    m.   s. 
10  52.46 

11  20 

7.5 

0  27 

21.6 

—      00 

OM 

0  27 

21.47 

0  27 

25.96 
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Longitude  by  Lunar  I}istances. —  Young's  Method. 

395.  In  this  method  we  take  the  altitudes  of  the  moon  and  sun,  or 
one  of  the  following  bright  stars,  and  the  distance  between  their  centres. 
In  the  Northern  Hemisphere  we  have 

a.  Arietes,  a  Tauri  (Aldebaran^)  fi  Geminorum  (Pollux,)  a  Leonis  (Re!g* 
t^iuSj)  a  Virginis  (Spica,)  a  Scorpii  (Anteres,)  a  Aquilae  (Altair,)  a 
Piscb  Australis  (Fomalhaut,)  and  a  Pegasi  (Markab.) 

We  observe  the  moon's  bright  limb,  and  add  the  semidiameter  of  the 
moon,  sun,  or  planet,  and  thereby  find  the  apparent  distance  between 
their  centres.  This  has  to  be  corrected  so  as  to  find  the  true  altitude 
and  distance  of  the  centres. 

The  following  formula  by  Professor  Young,  formerly  of  Belfast,  Ireland, 
appears  to  us  to  be  easily  applied,  by  either  using  the  tables  of  logar- 
ithms,  or  natural  sines  and  cosines,  given  in  Table  A. 

Let  a,  d,  and  d  represent  the  apparent  altitudes  and  distance  of  the 
moon  and  star.     A,  A',  and  D  the  true  altitudes  and  distance. 

D  is  the  required  lunar  distance  and  «09  =  symbol  for  difference, 

(  \  COS.  (A  +  Al+cos.  A«»A'  \ 

D  =  <  COS.  </+cos.  (fl+a')  \ >  -  COS.  (A  + A')^ 

(  )  COS.   (a  +  d)  +  COS.   fl  «» <z' ) 

Example  from  Young's  Nautical  Astronomy: — 

Let  the  apparent  altitude  of  the  moon's  centre,  24°  29^  44"  ^=  a 

The  true  alUtude,  25°  17'  45"  =  A 

The  apparent  altitude  of  the  star  =  a',  45°  9'  12"  ^  a' 

Its  true  altitude,  45°  8'  15"  =  A' 
The  apparent  distance  of  the  star  and  centre  of  the 

moon,  63°  35' 14"=    d 

Here  we  have,  • 

Cos.  d  =  cos.  63°  35'  14",  nat.  cos.  444835 

Cos.  (a  +  d)  =  COS.  69°  38'  56"  "     "    347772 

Cos.  d+  COS.  {a  +  d)  -  sum,  .  792607  =  S^ 

Cos.  (A«»A')  =  COS.  19°5(y30"  =  nat.  cos.  940634 
Cos.  (A  +  A')  =  COS.  70°  26'  0"  =  nat.  cos.  334903 


Cos.  (A  +  A')  +  COS.  (A«»A',)  sum,     1275537=  S' 

and  S  multiplied  by  S'=  127537  x  792607=  P 

Cos.  {a-\-  d)  =  from  above,  347772 

Cos.  (««»«')=  cos.  20°  29'  28"  =  935704 

Cos.  (fl  +  fl')  +  COS.  {a  C09  d)  =  1283476  =  S".       Divide   P  by  S",  and 
it  will  give  .45280,  which  is  the  nat.  cos.  of  63°  4'  45"  =  D 

396.  Example.  September  2,  1858,  at  4h.  50m.  lis.,  as  shown  by  the 
chronometer,  in  Lat.  21°  30'  N.,  the  following  lunar  observations  were 
taken : — 

Height  of  the  eye  above  the  horizon,  24  feet. 
Alt.  Sun's  L.L.  Obs.  Alt.  Moon's  L.L.  Dist.  of  Near  Limbs. 

58°  40'  30"  32°  52'  20"  65°  32'  10" 

Index  cor.  +    2  10  +    3  40  -     1  10 

Sun's  noon,  Dec,  at  Greenich,  7° 56' 46" 5  N.  Diflf.  for  1  hour,  =    -54" 96 
Cor.  for  4h.  50m.,  -  4  26  5 


Dec.      7  52  21  For  5  hours  =     27480 

90  For  10  m.  =         916 


jp4 


Polar  dist.     82  7  39  60  )  26  5  64 

-   4' 26" 
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Sun's  semidiam.         15'53\8 
£qua.  of  time,  25s.  35 

Cor.  for  4h.  50in.,       3    85 


Moon's  semidiam.         16'  17* 
Diff.  forlh.,  +0*796 

5 


Corrected  eq.  of  time,     29  2    Sub. 


For  5  hours. 
For  10  m., 


3980 
133 


+     3  847 


Moon's  Hor.  Parallax,       69^  35"  1     Diff.  for  12h.,  =  5'  7 
Cor.  for  5  hours, 


2^        Diff.  for    5h.,  =2 


Hor.*  Parallax  corrected,     59  37 

Minutes  and  seconds  may  be  easily  obtained,  but  there  is  a  table  for 
furnishing  this  difference  in  the  Nautical  Almanac,  p.  520. 

Th<  difference  between  the  moon's  R.  A.  at  23h.,  and  at  the  following 
noon  is  by  (Naut.  Aim.)  +  2m.  5s.,  the  proportional  part  of  which,  for 
7m.  42s.,  is  +  16s. 

^Iso,  the  difference  between  the  two  declinations  is  -  8'  I",  the  pro- 
dirtional  part  of  which  is  7m.  42s.,  is  r2*. 

1.     For  the  Apparent  and  True  Altitudes. 


SUN. 

•Obs.  Alt.  L.L,  58"  42' 40* 

Dip-4'49"    -4' 49')  +       11     6 

Semidiam.    +15  54    )       

Apparent  Alt.,  58  53  45 

Refrac. — less  parallax,  -   30 


True  Alt., 


58  53  15 


MOON. 

Obs.  Alt.  L.L.,  32*56'    (f 

Dip,  -  4  49  J 

Semidiam.,      +16  17[  +      11  37 
Augment,  n     +  9       ) 
Apparent  Alt., 


Cor.  for  Alt., 
True  Alt, 


33     7  37 
+   48  26 

35  56    3 


2.     For  the  Mean  Time  at  Ship. 

Sun's  Alt.,     58°  53' 15"  Tab.         Parts 

21  30    0  Compliment  of  cosine,  0.0312  32  diff.     for  secants 


Lat., 
Pol.  dist.. 


82    7  39 


(( 


<( 


0.  041  24    29-        1131 


2  )  162  30  54 

}i  sum,    =    81  15  27 
yi  sum -alt.  22  22  12 


cosine,     9.182196 
sine,         9.580392 


1369- 

611  + 


36962 
6132 

31962 


18.798034 
320 

2)18.797714 

>^  hour  angle  14°  30' 31  >^"     sine,   9.398857 

Hour  angle,    29     1    3    =     Ih.  56m.    4s.,  apparent  time  at  ship. 

£qua.  of  time,  29 

Mean  time  at  ship,  Ih.  55m.  35s. 

3.     For  the  True  Distance,  the  G.  Time,  and  the  Longitude. 

Obs.  dist  65°  01'   0^  l  Appt  dist.     66^   3'  20'  nat.  cos.  403850 

Sun's  semi,  +   15  54       .         ^^     J  58  53  45 

Moon's +  Augm.  +   16  26   (     *^*^  <  33     7  37 


=  7 


Sum,     92     1  22  nai.  cos.  -036297  =  x 


Multiplier  =  y  -  x  =  870553 
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Tru€  Alt., 

Sum, 
Diff. 


58° 53' 15"  Diff.  25'' 46' 18"  nat.  cos.  900556+ =W 
33  56    3  w  -  X  =  865259  =  Divisor. 


92  49  18    nat.  cos.  -  049228  =  v 
24  57  12    nat.  cos.       906652 


Multiplier,  370553,  inverted  = 

Note. — ^This  rapid  method  is 
done  by  throwing  off  a  figure 
in  each  line  as  we  proceed. 


857424    Multiplicand. 
355073    Multiplier. 


Divisor,  865259 

Note. — ^The  division  is  abridged 
by  rejecting  a  figure  each  time, 
in  the  divisor. 


2672272 

600197 

4287 

429 

26 

3177211 
2695777 

581434 
519155 


367198  =  Quotient. 
+  049228  =xv 


416426 


62279  nat  cos.  65''  23'  27". 
60568 


1711 
865 

846 

779 
67 
69 


True  distance,  65*  23'  27" 

Dist.  at  3h.  (Naut.  A.)  66  24  23    Proportional  Log.  of  difif. 


<( 


<i 


1       0     56 

Interval  of  time,         Ih.  49m.  18s. 

+   1 


2537 
4704 


P  L  =  2167 


Mean  time  at  Green.,  3h.  + 1  49  19 

15535 


Long.  W.  in  time,       2    53    44    Long.  =  43'  26'  W. 

And  the  error  of  the  chronometer  is  52s.  fast  on  Greenwich  mean  time. 

A  base  line  is  selected  as  level  as  can  be  found,  and  as  long  as  possible, 
this  is  lined,  leveled,  and  measured  with  rods  of  Norway  pine,  with  platt 
inum  plates  and  points  to  serve  as  indices  to  connect  the  rods.  They 
are  daily  examined  by  a  standard  measure,  reference  being  had  to  the 
change  of  temperature.  (See  p.  165.)  At  each  extremity  stones  are  buried, 
and  at  the  trig,  points  are  put  discs  of  copper  or  brass,  with  a  centre  poin- 
m  them.  From  these  extreme  points  angles  are  taken  to  points  selected  on 
high  places,  thus  dividing  the  country  into  large  triangles,  and  their  sides 
calculated. 

These  are  again  subdivided  into  smaller  triangles,  whose  sides  may  range 
from  one  mile  to  two  miles.     These  lines  are  chained,  horizontally,  by  the 
chain  and  plumb-line ;  or,  as  on  the  ordnance  survey  of  Ireland,  the  lines  of 
slopes  are  measured,  and  the  angles  of  elevation  and  depression  taken. 
Spires  of  churches,  angles  of  towers  and  of  public  buildings  are  observed. 
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On  the  main  lines  of  the  triangles,  the  heights  of  places  are  calculated  from 
the  field  book,  and  marked  on  the  lines.    When  inaccessible  points  are  ob- 
served from  other  points  we  must  take  a  station  near  the  inaccessible  one, 
and  reduce  it  to  the  centre  by  (sec  244. )    On  the  second  or  third  pages  of 
the  field  book,  we  sketch  a  diagram  of  the  main  triangle,  and  all  chain 
lines,  with  their  numbers  written  on  the  respective  lines,  in  the  direction  in 
which  the  lines  were  run.     The  main  triangle  may  be  subdivided  in  any 
manner  that  the  locality  will  allow.     See  Fig.  64  is  the  best. 

Here  we  have  three  check-lines,  D  F,  D  E,  and  F  E,  on  the  main  tri- 
angle, and  having  the  angles  at  A,  B,  and  C,  with  the  distances,  A  D,  D 
C,  C  E,  B  E,  B  F,  and  F  D,  we  can  calculate  F  D,  D  E,  and  F  E,  insur- 
ing perfect  accuracy.     We  chain  as  stated  in  Section  211. 

In  keeping  our  field  book  we  prefer  the  ordnance  system  of  beginning  at 
the  bottom,  and  enter  toward  the  top  the  offsets  and  inlets,  stating  at  what 
line  and  distance  we  began,  and  on  what ;  we  note  every  fence  and  object 
that  we  pass  over  or  near;  leave  a  mark  at  every  10  chains,  or  500  feet,  and 
a  small  peg,  numbered  as  in  the  field  book. 

398.  See  the  diagram  (figure  65). 

Here  we  began  114  feet  farlher  on  line  1  than  where  we  met  our  picket 
and  peg  at  3500  feet,  and  closed  on  line  3  at  870,  where  we  had  a  peg  and 
a  long  Isoceles'  triangle  dug  out  of  the  ground. 

We  write  the  bearings  of  lines  as  on  line  3,  and  also  take  the  angles^ 
and  mark  them  as  above. 

fVA^H  there  are  Woods.  Poles  are  fastened  to  trees,  and  made  to  project 
over  the  tops  of  all  the  surrounding  ones.  The  position  of  these  are  ob- 
served or  Trigged,  The  roads,  walks,  lakes,  etc.,  in  these  woods  can  be 
surveyed  by  traversing,  closing,  from  time  to  time,  on  the  principal  stations 
or  Trig,  points,  but  we  require  one  line  running  to  one  of  the  forest  poles, 
on  which  to  begin  our  traverse,  and  continue,  closing  occasionally  on  the 
main  lines  and  Trig,  points. 

399.  Traverse  Surveying.     See  Sees.  216,  217,  255. 

The  bearing  of  the  most  westerly  station  is  taken.  At  Sec  216  is  given 
a  good  example  where  we.  begin  at  the  W.  line  of  the  estate,  making  its 
bearing  0,  and  the  land  is  kept  on  the  right.  There  we  began  with  zero 
and  closed  with  180,  showing  the  work  to  dose  on  the  assumed  bearing. 

400.  To  Protract  these  Angles  at  Sec.  216.  Draw  the  line  A  B  through 
the  sheet ;  let  A  be  S,  and  B,  N.  On  this  lay  of  other  lines  parallel  to  AB, 
according  to  the  number  of  bearings,  size  of  protractor  and  scale.  We  lay 
down  A  B,  then  from  B  set  off  four,  five,  or  more  angles,  L,  K,  I,  and  H, 
Lay  the  parallel  ruler  from  A  to  L,  draw  a  line  and  mark  the  distance  A  L 
of  the  second  line  on  it.  Lay  the  ruler  from  A  to  K,  move  one  edge  to 
pass  through  L,  draw  a  line,  mark  the  third  line  L  K  on  it.  Lay  the  ruler 
on  A  I,  move  the  other  edge  to  pass  through  K,  draw  the  line  K  I,  equal 
to  the  fourth  line.  Lay  the  ruler  on  A  to  H,  make  the  other  edge  pass 
through  I,  and  mark  the  fifth  line,  I  H.  Now,  we  suppose  that  we  are 
getting  too  far  from  our  first  meridian,  A  B.  We  now  remove  the  pro- 
tractor to  the  next  meridian,  and  select  a  point  opposite  H,  and  then  lay 
off  the  bearings,  G,  F,  E,  D,  etc. 

Now,  from  this  new  station,  which  we  will  call  X,  we  lay  the  parallel 
ruler  to  F  and  make  the  other  edge  pass  through  H,  and  set  off  the  sixth 
line  H  G.  Lay  the  parallel  nilcr  from  X  to  F,  and  move  the  other  edge 
through  G,  and  mark  the  seventh  line,  G  F,  and  so  proceed. 
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We  have  used  a  heavy  circular  protractor  made  by  Troughton  &  Simms, 
of  London,  it  is  12  inches  diameter,  with  an  arm  of  10  inches,  this,  with  a 
parallel  ruler  4  feet  long,  enabled  us  to  lay  down  lines  and  angles  with 
facility  and  extreme  accuracy. 

401.  By  a  table  of  tangents  we  lay  off  on  one  of  the  lines,  A  B,  the 
distance,  20  inches,  on  a  scale  of  20  parts  to  the  inch.  Then  find  the  nat. 
tangent  to  the  required  angle,  and  multiply  it  by  400  divisions  of  the  scale, 
jt  will  give  the  perp. ,  B  C,  at  the  end  of  the  base.  Join  A  and  C,  and  on 
A  C  lay  off  the  given  distance,  and  so  proceed. 

By  this  means  we  can,  without  a  protractor,  lay  off  any  required  angle. 

REGISTERED   SHEET   FOR  COMPUTATION. 


Plans  and  Plats. 


Platl 

Division  K 

of 

Thos.  Linskey's 

Farm. 


Triangles 
and  Traperiums. 


Triangle  A  C  B, 
"       A  F  D, 
On  line  D  F, 

Additives, 


Div.  K, 
(I 


DF, 
Negatives,  D  F, 


1st  side. 


4454  Iks 

2234 

2234 

90 

70 


20 
100 


2d  side. 

3d  side. 

3398 

4250 

1766 

1684 

10 

98 

70 

400 

50 

900 

50 

600 

Contents 
in  Chains. 

679.5032 
143.0516 
0.0490 
3.2000 
5.4000 
1.5000 


Total  Additives,    158.2006 


20 

100 

80 

80 


140 
260 
500 
500 


1400 

9600 

45000 

2.0000 


7.6000 


150.6006 


Area,  15.06006  Acres. 
There  is  always  a  content  plat  or  plan  made,  which  is  lettered  and 
numbered,  and  the  Register  Sheet  made  to  correspond  with  it. 

403.  Computatitnt  by  Scale.  Where  the  plats  or  maps  for  content  are 
drawn  on  a  large  scale,  of  2  or3  chains  to  the  inch,  we  double  up  the  sheet 
by  bringing  the  edges  together.  Draw  a  line  about  an  inch  from  the  mar- 
gin ;  on  this  line  mark  off  every  inch,  and  dot  through ;  now  open  the  sheet 
and  draw  corresponding  lines  through  these  dots;  make  a  small  circle 
around  every  fifth  one,  and  number  them  in  pencil  mark. 

Lines  are  now  drawn  through  the  part  to  be  computed.  Where  every 
pair  of  lines  meet  the  boundaries,  the  outlines  are  then  equated  with  a  piece 
of  thin  glass  having  a  perpendicular  line  cut  on  it,  or,  better,  with  a  piece  of 
transparent  horn.  When  all  the  outlines  of  the  figure  are  thus  equated,  we 
measure  the  length  in  chains,  which,  multiplied  by  the  chains  to  one  inch, 
will  give  the  content  in  square  chains.  This  gives  an  excellent  check  on 
the  contents  found  by  triangulation  or  traversing.  It  will  be  very  convenient 
to  have  a  strip  of  long  drawing  paper,  on  the  edge  of  which  a  scale  of  inches 
is  made.  We  apply  zero  to  the  left-hand  side  of  the  first  parallel,  and  make 
a  mark,  a,  at  the  other  end ;  then  bring  mark  a  to  the  left  side  of  the  second 
parallelogram,  and  make  a  mark,  b,  at  the  other  end,  and  so  continue  to 
the  end.  Then  apply  the  required  scale  to  the  fractional  part,  to  find  the 
total  distance. 

The  English  surveyors  compute  by  triangulation  on  paper,  and  sometimes 
by  parallels  having  a  long  scale,  with  a  movable  vernier  and  cross-hairs,  to 
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equate  the  boundaries.     We  do  not  wish  to  be  understood  as  favoring  com- 
putation  from  paper. 

The  Irish  surveyors  always  draw  the  parallel  lines  on  the  content  plat  or 
map,  and  mark  the  scale  at  three  or  four  places,  to  test  the  expansion  or 
contraction  of  the  sheet  during  the  construction  or  calculation.  We  prefer, 
when  possible,  3  chains,  or  200  feet,  to  an  inch  for  estates  in  the  country, 
and  40  feet  for  city  property. 

403a.     Division  of  Land, 

When  the  area  A  is  to  be  cut  off  from  a  rectangular  tract,  the  sides 

of  which  are  m  and  b.     Then  corresponding  sides  of  the  tract, 

(A  Al 

S  =  <  —  and  —  >  respectively,  the  required  side,  S. 
(a  b  ) 

404.  When  the  area  A,  =  triangle  A  D  £,  is  to  be  cut  off  from  the 
triangle  A  C  B,  by  a  line  parallel  to  one  of  its  sides.     (Fig.  66.) 

Then  triangle  ABC:  triangle  A  D  E  : :  A  B»  ;  A  D  ». 

405.  From  a  given  pointy  /?,  in  the  triangle^  A  B  C,  to  draw  a  line, 
dividing  it  into  two  parts^  as  A  and  B.  (See  Fig.  66.)  Wc  find  the 
angle  ABC.     By  (Sec.  29,)  A  D  x  A  £  x  ^  sin.  A  =  area  B 

(i,  /.;  A  D  X  A  E,  sin.  A  =  2  B 

(  2B 

AE=  \ 

(AD.    Sin.  A 

Note. — We  prefer  this  to  any  other  complicated  formula,  in  cutting 
off  a  given  area  from  a  quadrilateral  or  triangular  field. 

406.  When  the  area  B  or  A  is  to  be  cut  off  by  the  line  D  E,  (Fig. 
66, )  making  a  given  angle,  C,  with  the  line  A  B,  let  area  »  S. 

Let  the  angle  at  A  =  ^,  that  at  D  =  r,  and  that  at  £  =  </,  and  AP, 

the  required  side. 

Sin.  c .  X 

A  D  =  X,  and  A  E  = 

Sin.  d 

Sin.  b .  X 

D  E  = but  A  D  X  D  E  X  >i  sin.  r  =  Area  =  B 

Sin.  d 

Sin.  b .  X 

• .  Sin.  f  .  jf  =  2  B 

Sin.  d 

X  «.  Sin.  c.  Sin.  ^  =  2  B  Sin.  d 

(    2  B,  Sin,  d    )  }i 

AD  =  x  =  } [ 

(  Sin.  f.    Sin.  b  ) 

From  the  value  of  x  we  find  A  £  and  D  E  from  above. 

Having  A  D  and  A  E  from  these  formulas,  let  us  assume  A  D  =  10 
chains,  and  having  found  the  value  of  A  £  by  substituting  10  chains  for  x. 

Multiply  the  numerical  value  of  A  £  by  10  chains,  and  again  by  }i 
the  natural  sine  of  the  angle  DAB,  let  its  area  =  x,  L, 
Then  j  :  S  :  :  A  D  «  :  the  required  A  £  », 
J :  S  :  :  100  :  A  D  «. 

As  J,  S,  and  100  are  given,  we  have 

100  S)>^ 
AD  = 
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This  useful  problem  was  proposed  to  us  in  Dublin,  at  our  examination 
for  Certified  Land  Surveyor,  September,  1835,  by  W.  Longfield,  Esq., 
Cixdl  Engineer  and  Surveyor. 

Note. — When  the  given  area  is  to  be  cut  off  by  the  shortest  line, 
D  E,  in  the  triangle  A  D  E,  (Fig.  66.)  then  A  D  =  D  E. 

407.  When  the  area  B  is  to  be  cut  off  by  t?u  line  D  E^  starting  from 

the  point  D,     (Fig.  66.) 

2B  26 

A  D  =  A  E  = 

A  E  Sin.  A  AD.  Sin.  A 

408.  From  the  quadrilateral,  (Fig.  67,)  A  B  C  D,  to  cut  off  the  area 
A  by  the  line  F  E,  parallel  to  the  side  B  C. 

Produce  the  lines  B  A  and  C  D  to  meet  at  G.  Take  the  angles  at 
B,  C,  D  and  A,  and,  as  a  check,  take  the  angle  G.  Measure  G  D  and 
G  A.  We  have  the  area  of  the  quadrilateral  =  A  +  B,  and  of  the  tri- 
angle G  D  A  =  C,  and  the  line  G  B  is  given.  By  Sec.  404  we  find 
the  line  A  F  or  G  E.  For  triangle  G  C  B  :  triangle  G  F  E  :  :  G  B  »  : 
G  F  «  or  :  :  G  C  »  :  G  E  ». 

By  taking  the  square  roots  we  find  G  F  and  G  E. 

409.  To  divide  any  quadrilateral  figure  into  any  nnmber  of  equal  parts ^ 
hy  lines  dividing  one  of  the  sides  into  equal  parts. 

Let  A  B  C  D  be  the  required  figure,  (see  Fig.  70,)  whose  angles,  sides, 
and  areas  are  given,  produce  the  the  sides  C  D  and  B  A  to  meet  in  E. 
As  the  angles  at  A  and  D  are  given,  we  find  the  angle  E,  and  conse- 
quently the  sides  A  E  and  D  E,  and  area  B  of  the  triangle  A  E  D.  We 
have  the  distances  E  A,  E  F,  and  E  G,  and  areas  B  +  A  =  triangle 
E  F  K,  and  B  +  2  A  =  triangle  E  G  H  :  and  by  Sec.  29. 

FE.  >^  X  J  B  +  2A 

E  K  = and  E  H  = 


B  +  A  GE.  )4  sin.  E 

410.     If,  in  the  last  problem,  it  were  required  to  have  the  sides  B  A 
and  C  D  proportionally  divided  so  as  to  give  equal  areas, 
Let  BA  =  a,CD  =  na,  AE  =  b,  DE  =  c,  and  J4  sin.  E  =  S,  and 
X  =  A  F,  then  we  have,  by  Sec. 

A 

(b  +  x)  (c  +  n  x)  =  —    from  which  we  have 

s 

A 

bc  +  (bn  +  c)x  +  nx»=  — 

s 

bn  +  c)  A-bcs  bn  +  c 

>  X  = put =  2  m,  and    complete 

n       )  s  n 

the  square,  and  find  the  square  root. 

A  -  b  cs  +  m 

X  -r  2  m  X  -r  m  '  ---.s  


-r  /A-bcs  +  m* 

X  =  —  m  +  V =  A  F  and  n  X  A  F  =  K  D. 

s 


In  like  manner  we  find  the  points  G  and  H. 
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411.     Contouring.     (Fig.  70a.) 

Three  points  forming  the  vertixes  of  a  triangle,  ABC,  whose  altitudes 
above  the  sea,  or  datum  Hue,  are  given.  lines  are  chained  from  A  to  B, 
B  to  C,  and  C  to  A,  and  stations  'marked  at  given  distances,  and  contour 
points  made  at  every  change  of  altitude  equal  to  10,  20,  or  30  feet 
Lines  are  chained  down  the  side  of  the  hill,  and  connected  with  check> 
lines.  The  level  of  station  a  is  carried  around  the  hill,  showing  where 
the  contour  line  intersects  each  chain  line,  to  the  place  of  b^inning. 
Begin  again  at  the  next  station,  3,  below,  and  proceed  as  in  the  above^ 
and  so  to  the  lowest  station.  The  contour  lines  will  be  the  same  as  if 
water  raised  to  different  heights  around  the  hill,  leaving  fkxxl-line  marks 
on  the  hill.  The  plotting  is  similar  to  triangular  surveying.  The  shading 
of  the  hill  requires  practice. 

Final  £xamination.  When  a  plan  is  ready  for  final  examination,  trac- 
ings are  taken,  of  such  size  as  to  cover  a  sheet  of  letter  paper,  or  white 
card -board  of  that  size,  made  to  fit  an  ordinary  portfolio.  In  the  field, 
the  examiner  puts  himself  in  the  direction  of  two  objects,  such  as  fences 
or  houses,  and  paces  the  distance  to  the  nearest  fixed  comer,  and,  by 
applying  his  scale,  he  can  find  if  it  is  correct;  by  these  means  he  will 
detect  all  omissions  and  errors.  He  will  be  able  to  put  on  the  topo- 
graphy of  the  survey.  He  generally  finds  pacing  near  enough  to  discover 
errors,  but  where  errors  occur,  he  chains  the  required  distances. 

412.  In  plotting  in  detail  we  use  two  scales,  one  flat,  I2  inches  long, 
but  having  the  same  scale  on  both  sides,  such  as  one  chain  to  an  inch, 
or  three  chains  to  an  inch.  The  other  scale  is  2  inches  long,  for  plot- 
ting the  offsets  graduated  on  both  sides  of  the  index  in  the  middle,  ends 
not  beveled.  If  the  index  is  one  inch  from  each  end,  we  draw  a  line 
parallel  to  the  chain  line,  one  inch  distant.  If  the  index  is  two  inches, 
we  draw  it  two  inches  from  the  line.  On  each  end  of  the  small  scale 
we  have,  at  two  chains'  distance,  lines  marked  on  it  to  check  the  reading 
on  the  large  scale.  At  each  end  of  the  chain  line,  perpendiculars  are 
drawn  to  find  the  point  of  beginning.  The  large  scale  in  position,  the 
small  one  slides  along  its  edge  to  the  respective  distances  where  the  offset 
can  be  set  off  on  either  side  of  the  chain  line. 

413.     Finishing  tfu  Plans  or  Map, 

Indian  ink,  made  fresh,  to  which  add  a  little  Prussian  blue,  expose  to 
the  sun  or  heat  for  a  short  time,  to  increase  its  blackness. 

1  and  2.  Forests  and  Woods. — Jaunne  jonquille^  composed  of  gum 
gamboge,  8  parts;  Prussian  blue,  3  parts;  water,  8  parts.  The  woods 
have  not  the  trees  sketched  as  heavily  as  forests. 

3.  Brambles,  Briars,  Brushwood. — Same  as  No.  1,  but  lighter, 
by  adding  4  parts  of  water. 

4.  Turf-pit. — The  water  pits  by  Prussian  blue,  and  the  bog  by  sepia 
and  blue. 

5.  Meadows  or  Prairies. ••—Prussian  blue,  6  parts;  gamboge,  2  parts; 
and  water,  8  parts. 

6.  Swamp. — In  addition  to  dashes  of  water,  we  pass  a  light  tint  of 
Prussian  blue.  ' 

7.  Cultivated  Land. — Sepia,  6  parts;  carmine,  1  part;  gamboge, 
Yz  part. 

8.  Cultivated  Land,  but  Wet. — Same  as  above,  except  that  dashes 
of  water  are  marked  with  blue. 
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9.  Trees. — Same  as  1  and  2;   sketched  on,  and  shaded  with  sepia. 

10.  Heath,  Furze. — Une  teinte  panachee,  nearly  green,  and  light 
carmine. 

Teinte  panachee  is  where  two  colors  are  taken  in  two  brushes,  and 
laid  on  carefully,  coupled  together. 

11.  Marsh. — The  blue  of  water,  with  horizontal  spots  of  grass  green, 
or  to  No.  5  add  2  parts  of  water. 

12.  Pastures. — To  No.  5  add  4  parts  of  water. 

13.  Vineyards. — Carmine  and  Prussian  blue  in  equal  parts. 

14.  Orchards. — Prussian  blue  and  gamboge  in  equal  parts. 

15.  Uncultivated  Land,  Filled  with  Weeds. — Same  as  No.  3. 

16.  Fields  or  Knclosurks. — Walled  in  are  traced  in  carmine,  and 
if  boarded,  in  sepia.  Hedges,  same  as  for  forests,  to  which  is  added  2 
parts  of  green  meadow. 

17.  Habitations. — A  fine,  pale  tint  of  carmine,  light,  for  massive 
buildings,  and  heavier  for  house  of  less  importance. 

18.  Vegetable  CJardens. — Each  ridge  or  square  receives  a  different 
color  of  carmine,  sepia,  gamboge — the  color  for  woods  and  meadows. 

19.  Pleasure  Gardens,  Flower  Gardens.  —  Are  colored  with 
meadow  color,  and  wood  color  for  massive  trees;  the  alley,  or  walks, 
are  white,  or  gamboge  with  a  small  point  of  carmine. 

20.  The  colors  used  are,  generally,  Indian  Ink,  Carmine,  Gamboge, 

Prussian  Blue,  Sepia,  Minum,  Vermillion,  Emerald  Green,  Cobalt  Blue, 

Indian  Yellow. 

414.     I^t'ellhig. 

The  English  and  Irish  Boards  of  Works  Methods. 


DISTANCES. 

^.i 

•2.r 

• 

2 

o 

OQ 
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Height 
Collin  At 
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Level 
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Grade 

• 

s 

U^ 
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94  59 
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3.99 

tX) 

10.50 

8.»4 

97.08 

88.19 

11.00 
ILdO 

2.83 

97.03 
94.94 

94  20 

90.50 

3  70 

174 

0.74 

12.00 

2.1H 

8.30 

94  94 

92.76 

2.30 

13  00 
14.00 

d.;i5 

94  94 
96.% 

89.59 

6.77 

15.00 

3.57 

96.36 

92.79 

90.10 

2.69 

15.00 

120 

«.32 

96.3<{ 

90.04 

' 

1500 

1.% 

8.27 

96.36 

88  09 

15.70 

]:)({ 

2f« 

96  36 

9:J73 

REMARKS. 


Bench  Mark.  94.59, 
at  Station,  900  ft.- 


Rank  of  Creek, 
Middle  of  Creek. 


B.M.,  Peg  and  Stake 
in  .Mi'udovv. 


This  method  of  keeping  a  field-book  wa.s  used  by  the  English  and 
Irish  Board  of  Works.     Size  of  books  8  by  6X  inches. 

Many  Engineers  there  kept  their  books  thus:  ruled  from  left  to  right, 
Back  Sights,  Fore  Sights,  Rise,  Fall,  Reduced  Level,  Distance,  Perma- 
nent Reduced  Level-s  and  Remarks.     Book,  7^  by  5  inches. 

414/7.  Colonel  Frome,  Royal  English  JCngincer,  in  his  Treatise  on  Sur- 
veying, gives,  from  left  to  right,  Distances,  B.  .S.,  F.  S.,  4-,  -,  Rise, 
Fall,  Remarks.  The  columns  Rise  and  Fall  show  the  elevation  at  any 
station  alx>ve  (iahtm,  that  assumed  at  the  beginning. 

Sir  John  McNeill's  plan  of  showing  the  route  for  the  road,  and  a  pro- 
file of  the  cutting  and  filling  on  the  same:  the  Une  is  not  less  than  a 
}>cale  of  4  inches  to  I  mile,  and  the  vertical  sections  not  less  than  100 
*ect  to  an  inch. 
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416.     Lei'fUiui^  by  Barometrical  Observations. 

BAROMETRICAL    MEASUREMENT    OF    HEIGHTS.  —  BAILV 

Tablk  A. 
Thermometers  in  Ofen  Air. 


■V. 

4- 

A 

/+/' 

A 

/  +  /' 

A 

t  +  t' 

A 

/  +  /' 

A 

1 

4.74914 

37 

4.76742 

73 

~4. 78497 

109' 

4.80183 

145 

4.81807 

O 

966 

38 

792 

74 

544 

110 

229 

6 

851 

3 

4.75017 

39 

842 

75 

592 

1 

275 

7 

895 

4 

069 

40 

891 

76 

640 

2 

321 

8 

939 

5 

120 

41 

941 

77 

688 

3 

367 

9 

983 

6 

172 

42 

990 

78 

735 

4 

412 

150 

4.82027 

wm 

I 

223 

43 

4.77039 

79 

783 

5 

458 

1 

071 

8 

274 

44 

089 

80 

830 

6 

504 

2 

115 

9 

326 

45 

138 

81 

878 

550 

3 

159 

10 

377 

428 

46 

47 

187 
236 

82 
83 

925 
972 

8 
9 

595 
641 

4 
5 

203 

11 

247 

12 

479 

48 

285 

84 

4.79019 

120 

687 

6 

291 

13 

531 

49 

334 

85 

066 

1 

732 

»• 
i 

335 

14 

582 

50 

383 

86 

113 

2 

777 

8 

379 

15 

633 

684 

51 
52 

432 

87 
88 

160 

3 
4 

822 

9 
160 

423 

16 

481 

207 

867 

466 

17 

735 

53 

530 

89 

254 

5 

912 

1 

510 

18 

786 

54 

579 

90 

301 

6 

9.57 

2 

553 

19 

837 

»o 

628 

91 

348 

7 

4.81002 

3 

596 

20 

888 
938 

56 

57 

677 

92 
93 

395 
442 

8 
9 

047 

4 
5 

640 

21 

726 

092 

683 

22 

989 

58 

774 

94 

488 

130 

137 

6 

727 

23 

4,76039 

59 

823 

95 

535 

1 

182 

7 

770 

24 

090 

60 

871 

9(5 

582 

2 

227 

8 

813 

25 

140 

61 
62 

919 

97 

98 

629 

3 
4 

272 

9 
170 

857 

26 

190 

968 

675 

317 

900 

27 

241 

63 

4.78016 

99 

722 

5 

362 

1 

943 

28 

291 

64 

065 

100 

768 

6 

407 

2 

986 

29 

342 

65 

113 

101 

814 

7 

452 

3 

4.83030 

30 

392 

66 
67 

161 

102 
103 

•   860 

8 
9 

496 

4 
5 

073 

31 

442 

209 

907 

541 
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32 

492 

68 

257 

104 

953 

140 

585 

6 

159 

33 

542 

69 

305 

105 

999 

1 

630 

7 

201 

34 

592 

70 

352 

106 

4.80045 

2 

675 

8 

244 

35 

642 

71 

400 

107 

091 

3 

719 

9 

287 

36 

4.76692 

72 

4.78449 

108 

4.80137 

144 

763 

180 

329 

Note,  t  =  temperature  of  the  air  at  the  lower  station ;  t'  =  that  at 
the  upper  station;    A  =  correction  for  temperature,  dependent  on  t  i-  t'. 

And  for  Table  B. :  r  =  temperature  of  mercur>'  at  tlie  lower  station ; 
r'  =  that  at  the  upper  station ;  B  =  correction  due  to  the  mercury  de- 
pendent on  r  -  r';  C  =  correction  for  the  latitude  of  the  place;  D  — 
latitude ;  R  =  height  of  barometer  at  lower  station ;  R'  =  height  of  bar- 
ometer at  upper  station.     For  Table  B.  see  next  page. 
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HAROMETRICAL   MEASUREMHNT   OF   HEIGHTS. 

Table  B. 
417.      Attacmki)  Thkkmomkteks. 


r-  r 

0.00000 

r-i" 

B 
0.00087 

r-r' 

li 
0.06174 

I^t. 

C 

0 

20 

40 

0 

0.00117 

1 

04 

21 

91 

41 

78 

5 

115 

o 

09 

22 

96 

42 

82 

10 

110 

3 

13 

23 

100 

43 

87 

15 

100 

4 

17 
22 

24 

25 

104 
0.00109 

44 

91 
95 

20 

000 

45 

25 
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(i 

2G 

26 

13- 

46 

0.00200 

30 
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7 

:^ 

27 

17 

47 

04 

:« 
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8 

3.-) 

28 

22 

48 

08 

40 

020 

1) 

39 
43 

29 

26 
30 

49 

13 
17 

45 

0.00000 

10 

:io 

50 

50 

9.999S0 

11 

48 

31 

35 

51 

21 

55 

62 

12 

52 

32 

39 

52 

26 

60 

42 

13 

50 

33 

43 

53 

:w 

65 

25 

14 

0.00061 
65 

34 

48 
52 

54 

39 

70 

10 

15 

35 

55 

75 

9.J»9900 

1() 

69 

36 

.*>(> 

56 

43 

80 

890 

17 

74 

37 

61 

57 

47 

85 

85 

18 

78 

38 

^:y 

58 

52 

90 

9.998S3 

19 

0.00083 

39 

0.00169 

59 

0.00256 

418.     Example  f\ 

^om  Colonel  Fromt. 

r  Trigonomktrical  Surveying. 

Surveying  p.  110. 

•        ■   I    Correction 
g     g  for  Capacity. 

■ 

aJ  ii 

30.409 
.30.278 

• 

> 

0 

2 

T\.£ina.rk^ 

Stations. 

A  F 

6r 

60° 

1)  F 
58^ 

57^ 

Bar. 
30.405 
30.276 

High  Water  Mark 

Parade,  Brompton 

Barracks,    .    . 

116.6 

/  +  /'=  58  +  57  =  115. 
r-/-'--61  -(50   -      1. 

Lat.  5r  24' 
Ix)g.  of  R  -  Log.  30.409 
Log.  of  R'  -  Log.  30.278  J 
+  B  00004} 

Log.  D  =  3.26245 
A  =  4.80458 

c  -  9.99974 


From  Table  A 
B 


4.80458 
0.00004 
9.99974 
1.48300 
1.48117 


-  n 


1)  -  0.00183 -/>-  q 


2.06677  ^  116.6  =^  altitude  in  feet,  which  was  found  by  the 
spirit  level  to  be  115  feet. 

These  Tables  are  from  the  Smithsonian  Meteorological  and  Physical 
Tables,  published  in  Washington,  1858. 

In  1844,  in  Ottawa,  Canada,  Mrs.  McDermott,  in  my  absence,  kept  a 
record  of  numerous  observations  of  the  state  of  thermometer  and  mountain 
barometer,  for  Sir  William  Ix>gan,  Provincial  (ieologist,  then  making  a 
tour  of  the  valley  of  the  River  Ottawa  and  its  tributaries.  (See  his 
(Geological  Repoits.)  The  observations  were  made  at  the  houi-s  of  7,9, 
noon,  3,  an<l  6,  to  be  used  for  the  lower  Station,  at  Montreal. 


LEVEI.LINO. 


7211*45 


41 1>.      To  find  the  AUitmie  of  o fie  Station  abtn'e  another ^  from  the 
Temperature  of  the  Boiling  of  J  Filter. 

Thl>  method  is  not  so  reliable  as  that  by  barometrical  observations, 
althouL^h  Colonel  Sykes,  in  Australia,  has  found  altitudes  above  the  sea 
agree  with  those  found  by  triangulation  closer  than  he  had  anticipated. 

There  are  very  valuable  tables  in  the  Smithsonian  Institute's  Meteor- 
ological and  Physical  Tables  —  Tables  XXIV,  XXV,  and  XXVI — for 
findinij  the  altitudes  by  this  method. 

Take  any  tin  pot  and  lay  a  piece  of  board  across  the  top,  having 
groove  to  receive  the  thermometer,  and  a  button  or  slide  to  keep  it  steady, 
at  about  two  inches  from  the  bottom.      Take  several  observations,  care- 
fully noting  them,  and  at  the  same  time  the  temperature  of  the  surrounding 
air.     Use  Fahrenheit's  thermometer. 

TABLE  A.  TABLE  B. 
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m 

rt 
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t) 

yj 

1 

t,._ 
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o 

C3 
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V 
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■ 

Boili 
of 

a. 

"3 

6w 

V   o 

B 
o 

185" 

17.048 

14.548 

32" 

1.000 

02° 

1.062 

o 

86 

.423 

13.977 

33 

2 

3 

64 

g 

• 

'o 

87 

.809 

.408 

34 

4 

4 

66 

C/2 

u 

88 

18. 195 

12.8431 

!  '"» 

6 

5 

69 

V 

B 

89 

.592 

.280 

() 

8 

6 

71 

& 

190 

.996 

11.719 

10 

•>* 

73 

E 

.£S 

91 

19.407 

.161 

8 

12 

8 

75 

i 

CQ  £5 

92 

.825 

10.606 

9 

15 

9 

77 

aj     GO 

93 

20.251 

10.053 

40 

17 

70 

79 

"4^ 

1  " 

94 

.685 

9.602 

1 

1.019 

71 

81 

» 

f2  § 

95 

'  21.126 

8.953 

o 

21 

2 

1.083 

» 

96 

.576 

8.407 

3 

23 

3 

85 

1  "S 

97 

22.033 

7.864 

4 

25 

4 

87 

^ 

c  2 

98 

.498 

7.324 

45 

27 

75 

89 

g  CQ 

99 

.971 

6.786 

6 

29 

6 

91 

o 
B 

1  ^ 

200 

23.453 

6.250 

7 

31 

7 

94 

1 

.943 

5.716 

8 

33 

8 

96 
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24.442 

5.185 
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35 
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.949 

4.657 
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37 

80 

LlOO 

o 

4>  — 

4 

25.465 

4.131 
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1.039 

81 
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5 

.990 

3.607 
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42 
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104 
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6 

26.523 

3.085 
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44 
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27.066 

2.566 
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46 
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27.618 

2.049 

55 

48 

85 

110 

^ 
H 

•i   1 
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28.180 

1.534 
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50 

6 

112 

k 
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10 

28.751 

1.021 

7 

52 

7 

114 
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:S  ^ 

11 

29.331 

.509 

8 

54 

8 

116 

H 
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g  o 

12 

29.922 

0 

9 

56 

9 

117 

13 

30.522 

.507 

60 

58 

90 

121 

214 

31.194 

1.013 

61 

1.060 

91 

123 

Example, — Boiling  point,  upper  station,' 209",  lower,  202";  temperature 
of  the  air  at  upper  station,  72  ,  lower,  84", 


mean  temperature,  78". 
From  Table  A,  209".         Alt.,  1534  ft. 

202.  ..      5185 


Approximate  height,     3651 
Mean  temperature,  78'.     Multiplier  from  Table  B,   1096 


Product,     4001  ft. 
Where  the  degrees  are  taken  to  tenths,  then  we  interpolate. 


72ll*46  "•  DIVISION    OF   LAND. 

W^.^'Contiituei  frotn  Sec.  410.  Having  one  side^  A  B,  and  the  adjacent 

ttfiglesy — U  find  the  area — Let  the  triangle  ABC  (Fig,  68,)  be  the  triangle; 

the  side  A  B  =  j,  and  the  angles  A  and  B  are  given,  aho  the  angle  C. 

S .  Sin.  A  S .  Sin.  B 

Sin.  C  :^  : ;  sin.  A  :  B  C  = ,     and  A  C  = 

.Sin.  C  Sin.  C 

S  .  Sin.  A  S  ^ .  .Sin.  A  .  Sin.  B 

By  .*-'€€.  29.    .S. .  Sin.  B =  area. 

2  Sin.  C  2  Sin.  C 

420.  From  a  pointy  P^  within  a  gizen  figure^  to  drcno  a  line  rutting  off 
any  part  of  it  by  the  line  F  G. — Let  the  figure  I  G  B  A  E  =  the  required 
area.     (See  Fig.  69.) 

Let  the  A  BCD  EF  the  tract  be  plotted  on  a  scale  of  ten  feet  to  an  inch* 
from  which  we  can  find  the  position  of  the  required  line  very  nearly,  with 
reference  to  the  points  B  and  E.  Run  the  assumed  line,  A  S,  through  P, 
finding  the  distances  A  P  —  w  and  P  S  =  «,  also  the  angles  P  T  A,  P  S  G, 
and  that  the  tract  A  S  B  A  T  is  too  great,  by  the  area  d.  Hence  the 
tnie  line,  T  P  G,  must  be  such  that  the  triangle  P  .S  G  -  P  A  T  =  </. 

Assume  the  angle  S  P  G  =^  P,  then  we  find  the  angles  T  and  G,  and 
by  Sec.  409  we  find  the  areas  of  the  triangles  P  S  G  and  P  A  F.  If 
the  difference  is  not  —  </,  again,  calculate  the  sides  P  G  and  P  T. 

420a.  From  the  triangle  A  B  C  to  cut  off  a  grien  area  (say  one-third^) 
hy  a  line  draian  through  the  grz'en  pointy  D.     (Fig.  69a.) 

Through  D  draw  the  line  D  G  parallel  to  A  C. 

Now  all  the  angles  at  A,  B,  and  C  are  given,  and  the  line  D  G  is 
given  to  find  the  point  I  or  H,  through  which,  and  the  given  pK)iht  D, 
the  line  I  D  H  will  cut  off  the  triangle  A  H  I  ^  to  one-third  the  area 
of  the  triangle  ABC.  (Fig.  69a.)  Make  A  F  one-third  of  A  C,  then 
the  triangle  A  B  F  —  one-third  of  the  triangle  ABC,  which  is  to  be  — 
to  triangle  A  I  H. 

The  triangle  AHI  =  AHxAI  x^  Nat.  Sin.  angle  A. 
The  triangle  ABF==ABxAFx>^  Nat.  Sin.  A. 

A  B  X  A  F 

A  II  X  A  I  =  A  B  X  A  F,  and  A  I and  as  the  triangles 

A  H 
H  G  D  and  II  A  I  are  similar. 

A  B  X  A  F 

H  G  :  G  D  :  :  H  A  :  A  I  :  H  A  : 

HA 

H  G  :  G  D  :  :  H  A'  :  A  B  X  A  F,  and  by  Euclid,  6-lG, 

G  D  X  H  A»  =  H  G-x  A  B  X  A  F  =  (H  A  -  A  G)  .  A  F  .  A  B 

=  HA.AF.AB-AG.AF.AB 

AB.AF  AB.AF  AB.AF 

and  H  A«  = .HA .  A  Ci.     Let  P  = 

G  D  G  D  Ci  D 

Now  we  have  P  and  A  (j  given,  to  find  A  H  or  A  I, 
AH»=PxHA-PxAG- 

HA'  =  Px  HA=  -PxAG.     Complete  the  square 

I>  a         pa 

H  A»  -  P  X  H  A  +  —  = PxAG. 

4  4 

p     (  p  ^^  )yz 

HA = A  (;  X  P  J  Whence 

2(4  \ 

AH  =  ;^P  +  (XP=-AGxP)^,  when  D  is  inside  the  triangle. 

A  H  =  K  P  +  (/4^  P  ''  +  A  G  X  P)  »^,  when  d  is  outside. 


ADDITIONAL.  72H*47 

421.  Through  the  point  D  to  draw  the  line  G  D  E  so  that  the  triangle 
B  G  E  will  be  the  least  possible.  Through  D  draw  H  D I  parallel  .to  B  C, 
make  B  H  =  H  G,  and  draw  G  D  E,  which  is  the  required  line.     Fig.  69a. 

Geodedical  Jurisprndetue,  p.  y2y  B. 

Chief  Justice  Caton's  opinion  adds  the  following  in  support  of  e>tal>- 
lis»hed  lines  and  monuments: — 

Dreer  v.  Carskaddan,  48  Penn.  State,  28. 
Bartlett  v.  Hubert,  21  Texas,  8. 
Thomas  v.  Patten,  13  Maine,  329. 

To  Divide  pro  rata. 

After  Bailey  v.  Chamblin,  20  Indiana,  33,  add 
Jones  V.  Kemble,  19  Wisconsin,  429. 
Francoise  v,  Maloney,         Illinois,  April  Term,  1871. 
Withham  v.  Cutts,  4  Greanleaf  R.,  Maine,  9. 
309Me.     After  English  Reports,  42,  p.  307,  add 
Knowlton  v.  Smith,  36  Missouri,  620. 
Jordan  v.  Deaton,  23  Arkansas,  704. 
United  States  Digest,  Vol.  27 — where  an  owner  points  out  a  boundary, 
and  allows  improvements  to  be  made  according  to  it,  cannot  be  altered 
when  found  incorrect  by  a  survey. 

For  Laying  Otit  Curz'fs. 

Example  after  p.  72.  Let  radius  =  2000  feet ;  chord,  200;  then  tan- 
gential angle  =  2°  51'  57";  versed  sine  at  the  middle,  2,503  feet.  If  the 
ground  does  not  admit  of  laying  off  long  chord  of  200  feet,  make  200  = 
200  half  feet  ==  100,  then  for  radius  4000  find  the  versed  sine  =  1,251 
and  the  tang,  angle  =  1"  25'  57".  If  we  use  the  chord  of  200  feet,  half 
feet,  or  links,  then  we  are  to  take  the  ordinates  in  Table  C  as  feet,  half 
feet,  or  links. 

Canals. 

The  Illinois  and  Michigan  locks  are  128  feet  long,  18  feet  wide,  and 
6  feet  deep,  bottom  36,  surface  60,  tow-path  15,  berm  7,  tow-path  al)ove 
water,  3  feet. 

TTte  New  York  Canals. — Erie  Canal,  363  miles  long,  when  first  built, 
40  feet  at  top,  28  at  bottom,  4  feet  deep,  84  locks,  each  90x15,  lockage 
(jl8Sj  8  lai^e  feeders,  18  acqueducts.  The  acqueduct  across  the  Mohawk 
is  1188  feet  in  length. 

The  Pennsylvania  Canal — top  40,  bottom  28,  depth  4,  locks  90x15, 
and  some,  90x17. 

The  Ohio  and  Erie  Canal — 40  feet  at  top,  4  feet  deep. 

Rideau  Canal,  in  Canada — 129^  miles  long,  53  locks,  each  134x33. 

Welland  Canal,  in  Canada — locks,  large  enough  to  admit  large  vessels. 
It  is  now  in  progress  of  widening  and  deepening,  so  as  to  admit  of  the 
largest  vessels  that  may  sail  on  the  lakes,  and  to  corresix)nd  with  the 
canals  and  lakes  at  I^chine,  and  on  the  River  St.  I^wrence. 


72h*48  corrkctu»ns. 

CORRECTIONS. 

Page  43,  example  2,  read  the  polygon  abcdefgh.  Fig.  33. 

Page  72b53,  soda  NoO  read  sikia  NnO. 

72b55,  4th  line,  read  fclspathic. 

72b111,  after  the  8lh  line  insert  Sir  William  Bland  makes  it  as  17  to 

13,  egg-shaped. 

72s,  begin  at  8th  line  from  liottom  and  put  mean  base  —  50  +  40  =  90 

50 


4500 
4100 


Difference,  s<juare  feel,     400 

72  r,  in  4th  equation  from  bottom  read  solidity  s  —  (A  x  a  -H  \'Afl)  — 

•J 

s-(r)-  4-  </^+  D^).0.261S/^. 

1)^  -  d"       tl        (  D^  -  d^   ) 

s  = X  —  ^      (  ^  -2618  b. 

D-d        3        (    D  -  d     ) 

b 
72w,  in  3d  e<jualion  from  the  bottom  read  Because  — 

2r 

72h*,  at  16th  line  from  lx)ttom,  for  rS-^  A,  read  rS  +  ^Q. 

72h*10,  at  14th  from  bottom,  for  product  of  the  adjacent  parts,  read 
product  of  tan  of  adjacent  jwrts. 

72h*24,  Sec.  388,  for  apparent,  read  mean. 

72h*30,  by  the  Helioslat,  insert  after  Ileliostat  Fig.  H. 

72r»,  under  82%  opposite  48,  for  2921  put  9921. 

104,  under  2,  opposite  12,  make  it  1.9300,  and  opiX)site  13  make  it 
1.9199. 

110,  under  2,  opposite  12,  put  1.8999. 

113,  under  9  put  2.9722. 

264,  after  the  words  From  the  above  we  fuwe  insert 
Ri  \  »< 


I  0.000507  +  """  {     ^^  metres  in  terms  of  its  radius. 


V  -; _      0.00000647 

K 
Di  \l 


V  0.00000648  r     •     ^  r  x^     v  i.  r   . 
i  0.000309  +  {     ^^  terms  of  English  feet. 

^  D  )' 

V  0.00000162  >     .     ,  f  •♦    u   1      r  J     .1 

i  0.00007726  + \     *"  terms  of  its  hydraulic  mean  depth. 
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TABLV  A.                  NATURAL  8INI.                       72l* 
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EXPLANATION  OF  THE  TRAVERSE  TABLE. 

Latitude  is  the  diBtance  made  in  n.  north  or  south  direction  on  ft  gixen 
meridiaOf  by  running  a  line  at  any  bearing  less  than  90  degrees  from  that 
meridian ;  or  it  is  the  distance  on  any  line  parallel  to  a  given  meridian. 
'When  the  giyen  meridian  is  assumed  at  true  north  and  south,  the  distanee 
made  in  running  on  a  course  in  a  northerly  direction  is  termed  north  lati- 
tude, or  northing ;  and  if  ran  southerly,  the  distance  south  is  tenned  south 
latitude,  or  southing. 

Departure  is  the  distance  perpendicular  to  the  given  meridian  that  is 
made  by  running  on  a  given  course.  East  departure,  or  easting,  is  irhen 
the  line  is  run  east  of  the  meridian.  West  departure,  or  westing,  is  when 
the  line  is  run  west  of  the  meridian.  * 

Example.    Let  M  N  represent  the  meridian,  such  as 
any  line  (generally  assumed  north  and  south) ;  let  the    » 
point  M  =  north,  and  the  point  N  =  south ;  let  .the  — 
bearing  of  the  line  N  C  =  N.  44'',  17^  E.,  and  the  dis- 
tance N  C  =  9,74  chains  =  9  chains  and  74  links. 

Here  N  B  is  the  latitude  made,  and  B  C  is  the  de- 
parture perpendicular  to  the  meridian  or  base  line  / 
N  M ;  consequently,  N  B  is  north  latitude  or  northing, 
and  B  C  is  the  east  departure  or  easting. 

Or,  latitude  N  B  =  cosine  of  the  <  C  N  B  X  ^7  ^^ 
distance  N  C.     And  departure  B  C  =  sine  of  the  <[         / 
C  N  B  X  ^J  ^®  distance  N  C.  N 

The  degrees  are  at  the  top  and  bottom,  and  the  minutes  in  the  outer 
columns.  The  distances  2,  8,  etc.,  to  9,  at  top  and  bottom,  may  be  used 
as  chains,  tenths  of  a  chain,  or  links. 

ExampU,     Lat.  N  C  for  44°  17^  and  distance  9  chains  =  6,4431 

Lat.  N  C  for  44°  17^,  and  distance  90  chains,  remove  the  decimal 
point  one  place  to  the  right  ^  64,431 

Lat  N  C  for  44°  1 7^,  and  distance  900  chains,  remove  the  point 
two  places  to  the  right  =  644,81 

Lat.  N  C  for  44°  17^,  and  distance  90  links,  or  ,9  chains,  remove 

the  point  one  place  to  the  left  =  0,64431 

Lat.  N  C  for  44°  17^,  and  distance  9  links,  or  ,09  chains,  remove 

the  point  two  places  to  the  left  =  /  0,064431 

Application.  Given  the  course  N  44°  17^  E.,  and  distance  N  C  = 
97,48  chains,  to  find  the  latitude  N  B  and  departure  B  C. 

Take  a  piece  of  card  paper,  two  inches  wide,  and  as  long  as  the  width 
of  the  page;  have  it  ruled,  and  numbered  1,  2,  S,  etc.,  to  9,  similar  to  the 
tables.  Lay  this  across,  from  17^  to  23^,  under  latitude  44°  Lay  a  small 
weight  on  the  guide  paper ;  then  under  the  edge  of  the  paper  you  will 
have  the  required  numbers  to  be  taken  out. 

Under  9  chains  we  have  6,4431  .*.  for  ,90  chains  we  have  64,4310       < 

Under  7  chains  we  have  6,0118       1 

Under  4  chains  we  have  2.8686  .-.for  ,4  chains  we  have  0,2864 

Under  8  chains  we  have  5,7272  .-.for  ,08  chains  we  hare  0,0573 

Latitude  N  B  =  69,7860 

Let  the  distance  be  9748  links. 

Under  9  we  have  6,4431  .-.  9000,  remove  the  point  3  places  =  6443,1 
Under  7  we  have  5,0113  .-.     700,  remove  the  point  2  places  =     501,13 
Under  4  we  have  2,8636  .*.       40,  remove  the  point  1  place  =       28,636 
Under  8* we  have  5,7272 .-.        8,  =         5,723 

6975,689 
Latitude  N  G  =  697^  links. 


TABLE  n. — Exparmon  of  Solidt  in  Direction  of  their  Lengths,  from  82** 

"  to  212*'  {Change  of  Temperature  180°). 


Name  of  Substance. 


Authority. 


riatiuum. 
do. 
do. 
do. 
Mean  of  the  four. 
Glass,  white  barometer  tube. 
"      flint. 

*<      tut>e,  without  lead  (4  sorts). 
"        "      with  lead. 
Steel,  not  tempered. 
^*     tempered  yellow  at  149°. 
"     rod. 
"     blistered. 
"     tempered. 


Iron  wire. 

(I 

li 

i( 


cast  (prism), 
bar. 


forged. 

Copper,  mean  of  three  spedmens. 
It 

"       hammered. 
It 

''       elffht  parte,  tin  1. 
Brass,  cast. 
*•      wire. 
*''     Hamburgh. 

English  angular. 
English  round  rod. 
mean  of  three  specimens. 
Antimony. 
Bismuth. 
Lead. 
Tin.  fine. 

»*    grain. 
Zinc. 
Pine,  white,  Norway. 


u 

K 

li 


Troughtoii. 

DuIong&  Petit. 

Borda. 

Hasler. 

Smeaton. 

Brunner. 

LaToisier  &  Laplace. 

Brunner. 
Lavoisier  &  Laplace. 

do. 

Major  General  Boy. 

Smeaton. 

do. 

Troughton. 

Brunner. 

Smeaton. 

M^jor  General  Boy. 

Smeaton. 

Basler. 

Lavoisier  &  Laplace. 

do. 

Troughton. 

Smeaton. 

Brunner. 

*  Smeaton. 

do. 

do. 

Boy. 

do. 

do. 

Lavoisier  &  Laplace. 

Smeaton. 

do. 

do. 

do. 

do. 

do. 

Captain  Kater. 


Vulgar 
fractions 


1  in  1008 
1  in  1181 
1  in  1167 
in  108210 
in  1094 
in  1175 
in  1248 
in  111510 
in  1142 
in  927 
in  807 
in  847 
in  870 
in  816 
in840|0 
in  812 
in  796 
in  90110 
in  796 
in  797 
in  819 
in  582 
in  621 


in  6880 


1  in  681  0 


in  560  0 
in6S8 
in  617 
in  589 
in  528 
in  628 
in  682 
in  928 
in  719 
in  849 
in  488 
in  4030 
in  8400 
0 


Dec.  frao.jcon.orex. 
180° rh.  mlQOrh. 


0 


0009918  0 
00082420 
00085660 
00092420 
00091420 
0008510,0 
OOO8OI2IO 
00089690 
00087570 
00107880 
0012396,0 
00118070 
00115000 
00125830 
001189910 


0.00128500 

0.00126880 

00111000 


0012683|O 
.0012584k) 
.00122050 
.00171220 
0019188,0 
00170000 
00172110 
.00181670 
00187500 
00198330 
.0018556;0 
.001894510 
001898010 
0018797,0 
00108830 
.00189170 
0028067  0 
00228880 
,00248830 
,00294170. 
,00040880 


.0000551 
0000458 
0*00476 
0000512 
0000508 
0000472 
0000445 
0000492 
0000486 
0000599 
0000699 
0006656 
0000682 
0000699 
0000661 
0000685 
0000699 
0000617 
0000699 
.0000696 
.000'678 
0000951 
0001066 
0000944 
0000956 
00U1009 
00(1042 
0(^01074 
.(J00108L 
.0001052 
.(■001062 
0001044 
.0000602 
000('772 
.0001592 
.0001267 
.0001229 
0001684 
0000227 


Example.  A  surveyor  had  acljusted  his  chain  at  a  temperature  of  60^, 
the  standard  chain  of  66  feet  or  100  links  being  cut  in  the  floor  of  a 
public  hall.  During  the  time  that  he  measured  a  line  of  8000  links,  the 
mean  temperature  had  been  105^  Required  the  true  length  ef  the  line, 
the  chain  being  of  iron  wire. 
Prom  col.  10^  correction  for  1°  =  0,00000686 

46« 


to  be  added, 


,00030825 


1  -f  0  =  1,00030826    here  =  c  =  correction. 

8000 


8002,466  links  =  true  length. 
(1  -|-  c)  •  L  =  true  length,  w^en  chain  or  box  expanded. 
(1  —  c)  •  L  =  true  length,  when  chain  contracted. 
Here  L  =  measured  length,  and  c  =  tabular  correction  for  change  of 
temperature. 

The  above  correction  2,466  links  would  be  subtracted  if  the  mean 
temperature  was  15^  above  zero  (Fahrenheit). 

Note  1.  If  the  above  line  had  been  measured  by  a  Norway  pine  pole 
or  rod,  16  feet  long  {see  meaturing  of  hate  Unet),  the  correction  would  only 
be  0,82  link,  nearly  eight  tenths  of  a  link'in  a  mile. 

Note  2.  It  appears  from  this  table  that  there  is  no  sensible  or  practi- 
cal beneiit  to  be  derived  in  using  a  steel  chain,  in  reference  to  expansion 
or  contraction.  However,  steel  chains  are  to  be  preferred,  as  they  are 
not  liable  to  bend  like  the  iron  wire  chain. 


1 


166 


TABLE  III.— ro  Reduce  Links  to  FeeL 


Ik.    l-e-i 

0 
1 


10) 


2aa 


2 
3 
4 

6 

6 


0  6G; 
1.32 
1.98 
2.64 
3.30 


I 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 

IH 
19 


3.9r, 

4.02 
5.28 
5.94 
6.60 

7.26 
7.92 
8.58 
9.24 
9.90 

10.56 
11  22 
11.88 
12.54 
20J13.20 

21  13.86 

22  14.52 

23  15.18 
15.84 
16.50 

17.16 
17.82 
18.48 
19.14 
19.80 

20.46 


24 
25 

26 
27 

28 
29 
30 

81 


32121.12 
33J21.78 
34|22.44 
35,23.10 

36  23  76 
37I24.42 


38 
39 
40 

41 
42 
43|28.38 
4429.04 
45  29.70 


25.08 
25.74 
26.40 

27.06 
27.72 


46 
47 

48 
49 
50 

51 
52 
53 
54 
55 

56 
57 

58 
50 
60 


30.36 
31.02 
31.68 
32.34 
33.00 

33.66 
24.32 
34.98 
35.64 
36.30 

36.96 
37.62 
38.28 
38.94 
39.60 


66. OU, 

66.66 

67.32 

67.981 

68.64j 

69.30[ 

69.66 
70.62, 
71.28 
71.94 
72.60 

78.26 
73.92 
74.58 
75.24 
75.90 

76.56 

77.22! 
77.88' 
78.54 
79.20 

79.86 
80.52 
81.18] 
81.84 
82.50 

83.16 
83.82 
84.48 
85.14 

85.80 

86.46 
87.12 
87.78 
88.44 
89.10 

89.76 
90.42 
91.08| 
91.74; 

92.40| 

93.061 
93  721 
94.88* 
95.04J 
95.70 

96.36| 
97.02 
97.68 
98  34 
99.00 

99.66 
100.32 
100.98 
101 /<J4 
102.30 

102.96 
103.62 
104.28 
104.94 
105.60 


"Soo" 


4IX> 


60  » 


aio 


ruo 


8CK) 


900 


32.00  1  98.inii264. 0(1  030.00  ;^V*t).00  4ti2.0U  528.00  .>i>4.0(.) 
32.66  1 98. 66'264.6f/330.(;6i396.66'462.66'528. 66-594.66 
33. 32|l99.32,265. 32^331. ;52  397.32'463.32,529.32J"j95.32 
33.98  199.98^265  98331.98  397.981463.98,529.98,595.98 
84.64200  64 !206.64|332.64|398.64j464.64!530.64'.596.64 
35.30|2O1.80j267.3O|;33.3Oj399.30j465.30|531.30'397.30 

35. 96'201. 961267. 96|333.96|399.96'465.96'o31.96!.597.96 
36.62  202  62io«;8.62' 534.62  400.62i466.62j532.62l598.t2 
37.28,203.28'269.28'335.28|40L28-4'»7.28  533.28':>99.^ 
37.94  203.9  Ij269.94i385.94  401. 94|467.94i533-94  599.94 
38.6o|204.6ii|270.60;:i36  60  402.601468. 6o!o34.6(.»'600.60 

39  26'205  26|271. 26  337.26  403.261469.26  535.26  601.26 
39.92  205.92i271.92i337  92  403. 921469.92  535.92V}01.92 


40.58  20<i  58  272.58i338.58'404  58 
41.24!207.24I273.24'339.24|405.24 
41.90  207. 9OJ273.9o!339.90.405.90 


470.58^536.5^602.58 


471.24 
471.90 

472.56 


42.56  208.56i274.56;U0.56!4O6.&6 

48  22  2O9.22;275.22;341.22|407.22  473.22 

43.88  2(>9.88i275. 88  341.88  407.88i473.88 


44.54210.54,276.54 
45.20211. 201277.20 

45.86211.86  277.86 


342.64l408.54474.54 


^>43.20 

J43.86 
344.62 


i45.18i41l.l8 

279.84  346.84:411.84 

346.5o|412.50 

347.16l418.16 


46.52  212.52  278.62 
47.18213.18  279.18 
47.84213.84 
48.50  214.50  280.50 

49.16  215.16  281.16 
49.82  215.82|281.82 
50.48  216.48|282.48  348.48 
51. 14217.14'283.14  349.14 
51.80  217.80  283.80  349.80 

52.46  218.46  284.4^5  350.46 
53.12219.121285.12  351  12 
53:78  219.78;28j.78  351.78 


409.20 

409.86 
410.62 


475.20 

475.86 

476.62 

477.18, 

477.84 

478.5C 

479.16 


537.24l603.24 
537.90l603.90 

538.66''604.56 
539.22,605.22 
539.88,606.88 
540.64  r,«16.54 
541,20fi07.20 

541.84  607.86 
542.52  608.52 
543.18i609.18 
543.84  609.84 
544.6Oi610.50 


54.44  220.44J286. 44 
65.10221. 10!287.10 

55.76'221.76|287.76 
56.42  222.42]288.42 
67.08  223.08,289.08 


^7.82413.82479.82 
414.48  480.48^ 
415.14481.14 
416.801481.80 

416.46*482.46 
417.12  483.12 
417.78483.78 
418.44  484.44 


57.74223.74 
58.40  224.40 


289.74 
290.40 


59.06  225.06  291.06 


352.44 
353.10 

353.76 
354.42 
356.08 
355.74 
356.40 

357.06 


550.44 
419.101485.10(551.10 

551.76 
552.42 
553.08 
558.74 
554.40 

555.06 


419.76j485.76j 
420.421486.42 
421.08  487.08 
421.74457.74 
422.40|488.40 

423.061489.00 


59.72  225.t  2  291. 72|357.72  423.721489. 72 


60.38  226  38|292.38 
61  04  227.04  293.04 


61.70  227.70 
62.36228.46 


293.70 


358.38,424.38  490.38 
359.04  42504I491.04 


359.70 


294.36  360.36 


295.681361. 68 


426.36 
427.02 

427.68  493.68 
428.34l494.84 
429.00495.00 

429.66|496.46 
66.32  232  321298  32  :^64.32  430.32  496.82 
66.98  232.98]298.98  364.98  430.98  496.98 
67.64233.64  299.64  i65. 64 431. 64:497.64 
68.30'234.3(i300.30  366.30j432.30  498.30 


H53.02  229, 1 2i295.02|:J61.02 
63.68  229.78 
64.34  230.34 
65.00  231.00 

65.66'231.66 


296.34 
297.00 

297.60 


362.34 
363.00 

363.66 


425.70 


491.70 

492,36 
493.02 


68.96234.96 
69.62  235.62 
70.28236.28 
70.94  236.94 
71.60|237.60 


300.96  366.96  432.96:498.96 


301.62 
302.28 
302.94 
308.60 


■)46.1C!611.1»: 
545.82  611.82 
612.48 
618.14 


546.48 
547.14 
547.80  618.80 


548.46 
549.12 


614.46 
616.12 


)49.78.615.78 


616.44 
617.10 

618.76 
618.42 
619.08 
619.74 
620.40 

621.06 
355.72i621.72 


(. 


556.88 


622.38 


557.04,623.04 
357.70lo23.70 

558.36624.36 
559.02l625.02 
559.68j625.68 
560.34  626.34 
561.00  627.00 


361.66 
562.32 
562.98 


627.66 
628.32 
628.98 


563.641629.64 


564.80 

564.96 
565.62 


367.62!  I33.62i499.62 
:568.28!434.28t500.28j566.28 
368.94|434.94'50O.94  566.94 


630.30 

630.96 
631.62 
682.28 
632.94 


369.601435.60501. 60j567.60j683.60 


iiT 

"Tis: 

-HS5- 

a«        «« 

400    1     J09 

~m~ 

-iw 

sen 

-556" 

61 

40.2B 

06.2U 

lT2-:27i 

i38:26 

iU4.26  870,26 

02.20 

568,26 

ti34.26 

62 

40.92 

06.92 

172.92 

238.02 

S04- 921370.92 

136,92 

>02,92 

fi68.92 

984.92 

63 

41.68 

07.5P 

173.58 

239.6P 

505.58371.68 

437,58 

03.68 

569.68 

1135,68 

64 

42.24 

08.24 

174.24 

240.24 

W6.24 

872.24 

438,24 

04.24 

570.24 

636.24 

66 

42.90 

08.90 

174.90 

240.90 

306.90 

372.90 

488.90 

04.90 

570,00 

686,90 

66 

43.56 

09.56 

176.56 

341.66 

307.56 

373.66 

439.66 

06,56 

571,66 

637.66 

67 

44.22 

10.22 

176.22 

242.22 

308.22 

374.22 

440,22 

06.22 

672  22 

638,22 

68 

44.88 

10.88 

176.88 

242.68 

30888 

374.88 

440.88 

06,88 

572.88 

638  88 

69 

45.54 

11.54 

177.64 

248.54 

300.54 

475.54 

441.54 

07.64 

578,54 

639.64 

70 

46.20 

112.20 

178.20 

244.20 

810.20 

376.20 

442.2C 

*B.3( 

574,20 

640.20 

71 

46,86 

12,86 

178.86 

244.86 

310.8C 

376.86 

442.86 

j08,e6 

574.86 

640.86 

72 

47.62 

118.62 

179.5^ 

245.52 

311.52 

377.52 

443.62 

109.62 

576.52 

641.62 

78 

4818 

114.18 

180.18 

246.18 

il2.]8 

378.18 

444.18 

jlO.18 

576.18 

642.18 

74 

48.81 

114.81 

180.84 

■46.84 

112.84 

378.84 

444.84 

510.84 

576.84 

642,80 

!75 

40.50 

116.5(1 

181.50 

J47.60 

tl3.50 

879.60 

445.50 

c.11.50 

577.a 

648.60 

!  78 

50.16 

116.16 

182.16 

348.16 

314,10 

380.16 

446.16 

012.16 

578,16 

644.16 

l77 

5082 

116.82 

1 83.82 

248.82 

314.82 

380.82 

446  82 

i>12,8L 

57883 

644,82 

j78 

51.48 

117.48 

183.48 

240.48 

315.48 

381.48 

447,48 

>13,4S 

r,79.iV 

645,48 

79 

52.14 

I18H 

188.14 

i^.U 

316.14 

382.14 

448.14 

514.14 

580.14 

646.14 

80 

52.80 

118.80 

184.S0 

250,80 

)16-80 

382.80 

448,80 

514.8( 

580.80 

646.80 

Isi 

63.46 

119.46 

185.46 

251.46 

3I7.4f 

383.46 

449.46 

516.46 

581.46 

647.46 

82 

54,12 

120.lL 

186.12 

252.12 

(318.12 

384.12 

460.12 

516,12 

582.12 

648.12 

i83 

54.78 

120.7S 

186.78 

252.78 

318-78 

384.78 

150.78 

516.7^ 

582.78 

648-78 

84 

55.44 

121.44 

187.44 

253.44 

i19.44 

386.44 

451,44 

517.44 

583.44 

649,44 

'ss 

56.10 

122.1(1 

188.10 

^4.10 

J20.10 

386.10 

462.10 

518  U 

650.10 

186 

fi6.7b 

123.76 

188.7b 

354.76 

B20.76 

386  76 

453.7(; 

518.7 

660.76 

87 

57.4'. 

123.42 

189.42 

265,42 

321. 4L 

387.42 

463.42 

519.4. 

651.42 

58.08 

124,08 

190.08 

156.08 

322.08 

388.08 

464.08 

i20,0 

652.08 

89 

58.74 

124.74 

190.74 

i.56.74 

322.74 

388.74 

454,74 

i20.7 

663.74 

90 

59  40 

125.40 

191.40 

257.40 

328.40 

389.40 

455.40 

521,4 

687,41 

653.40 

91 

60.06 

126.0f 

192.06 

268.06 

S24.0e 

390.06 

166.06 

522.0 

364.06 

lo: 

BO.  72 

126.72 

192.72 

258.72 

324.72 

390.72 

156.72 

622.72!688.72 

654  72 

61.38 

127.38 

198.38 

25B.S8 

326.88 

391.88 

167.88 

328.8 

689.88 

656,88 

\0' 

62.04 

128-04 

194.04 

26a04 

32B.04 

392.04 

468.04 

524.0 

590.04 

656,04 

9e 

82.70 

128.70 

164.70 

260.70 

326.711 

392.70 

158.70 

524.7 

590,70 

666,70 

96 

63.36 

129.36 

195.86 

261.36 

327.86 

398.36 

159  36 

525.3 

591,86 

657.86 

97 

64.02 

1 80.02 

196.02 

262.02 

328.0' 

394.02 

460.02 

626,0 

592,05 

658,02 

6i 

64.68 

130.68 

196.68 

262.68 

328.6 

394.68 

460.68!526.68;692,68 

658.68 

65.34 

131.34 

197.34 

263,34 

S29.3 

396.34 

161.34'527.S4|593.34 

659,34 

~      "  ■"  ■ 

■.u.:\<xio 

2000" 

i^majma 

m 

» 

"7M6 

"wi2T 

90O0 

660 

1320 

TaeolasJoIsBoo 

mo 

4620 

94TJ 

100 

726 

IS8G 

204 

866 

4026 

1686 

rftoe 

792 

1452 

211 

MSS 

4002 

1762 

1072 

800 

868 

1518 

217 

408 

4168 

4818 

138 

400 

924 

1584 

224 

664 

4224 

4884 

55441 

204 

600 

990 

1650 

231 

630 

4290 

1950 

56101 

270 

600 

1056 

17IH 

287 

3036 

696 

4356 

5016i5676| 

336 

?on 

1122 

1782 

244 

3102 

762 

4422 

.i082!5742 

402 

800 

1188 

1848 

2.10 

3168 

828 

4488 

5148:5808 

468 

£00!l254 

1014 

267 

3234 

894 

4564 

521415874! 

1634 

E^^a^ 

BodDoe  9664  links  to  foet 

From  tbe  bottom  tuble,  oader  9000  at  top,  uid  opposite  600  id  the 

;  l«n  band  colamn,  wo  find                                                 GSSQ 

Oppoute  64,  in  upper  table,  and  under  ^=                     42,24 

8878,24  feet. 

TABLE  W.—To  R 


lijO 

S») 

MO 

m 

7-M 

^ 

'U   O.ul)  151.u-i-!lKi.llHi454.jr 

iiiJ6.(Hlia7.,.t!ilH)9.oy'|ll>60,6l)ll212 

Il.6l6lt53.iw;s04.55 

6.07 

7,681     9.10'910.61 

2.12 

8 

2   S.0:ilM.55 

fl{W 

7.3P 

9.091760.61 

2.12 

8.63 

B 

8  iAh 

6,07 

7.68 

9.H 

610.61 

2.18 

8.64 

5.15 

« 

i   6.0(i 

7.68 

9.09 

460.61 

2.12 

3.64 

6.15 

6.66 

i 

5   7.5B 

9.  lit 

310.61 

2.13 

4.64 

5.16 

6,67 

8.18 

£ 

6   9.0!. 

160.61 

2.12 

8.64 

6.16 

6.67 

8.18 

9.69 

1221.21 

2.7.'i'; 

TtO.Ul 

8.64 

5.1h 

6.67 

8.19 

9.70 

1071.21 

2.73 

4.25-1 

Sll2.1^ 

a!  64 

5.15 

6.67 

8.18 

9.70'921.21 

2,72 

4.24 

6.76: 

<l  13.64 

S.Irt 

6.67 

8.19 

9.70 

771.22 

2.73 

4.24 

5.7C 

7,2s  ^ 

10:15.15 

6.67 

8.18 

9.7( 

621,21 

2.73 

4.24 

5.75 

7.27 

8.7S 

ll!l-1.67 

8.19 

9.70 

471.22 

2,73 

4.25 

5.76 

7.27 

8.79 

I380,S11, 

1^118.18 

B.70 

321.21 

2.73 

4.24 

5.7b 

7.27 

8.78 

1280.30 

1.82^ 

ly:  19.711 

171.22 

2.73 

4.25 

5.76 

7.28 

8.79 

1080.30 

1.82 

8.341 

i4i:;i.L>i 

4.24 

5.7b 

7.27 

8,79 

930.30 

1.81 

8.33 

4.M 

I5jii73 

4^25 

5.76 

7.2M 

8.79 

780.31 

1.82 

3.83 

4.85 

6.3T 

16J4.24 

6.7C 

7.27 

8.7'. 

li30.S0 

1.82 

8.83 

4.84 

6.3b 

7.k! 

17  25.76 

7.28 

8,79 

480.31 

1.81. 

3.34 

4.85 

6.30 

9.40: 

ICJ7>7 

8.7! 

S30.30 

1.8-. 

3.33 

4.80 

6.36 

7-87 

9!39<  1 390.91  i 

l'JtJ8.7ft 

180.31 

1.82 

3.34 

4.8i 

6.37 

7.88 

9.30 

1240.91 

2.43  i 

2(1,30.80 

1.82 

8.33 

4.85 

6.36|    7.88 

9.39 

1090.90 

2.42 

8.94, 

■zm.»-i 

3.34 

4.85 

6.87 

7.85I     9.40 

040.91 

2.42 

4.09 

5.46^ 

■12\93M 

4.8^ 

6.3B 

7.88 

8.39 

790.91 

2,42 

3.93 

6.45 

6-97, 

■i»;uM 

6.37 

7.88 

9.41 

640. 91 

2,43 

3.94 

5.95 

6.97 

8.49; 

24i3l>.8( 

7.88 

9.39 

490.91 

2.42 

3.9J 

5,45 

6.96 

8.48 

1400-00- 

9.40 

340.91 

2.43 

3.94 

6.4b 

6,97 

8,45 

1250.00 

1.52; 

190.91 

2.42 

8.94 

5.45 

6.97 

8.48 

9.99 

].61 

8.0s 

i7l4o!«l 

2.43 

3.94 

6.6>> 

8.97 

8.49 

950.00 

1101.51 

3.03 

4.55; 

28142.43 

S.M 

5.46 

6.98 

8.4! 

900.01 

1.52 

3.03 

4-54 

6.07 1 

21143.94 

4.46 

6.97 

8.49 

1150.00 

1.52 

8.03 

4,64 

6.06 

7.58 

3.146.46 

6.98 

8.49 

500.01 

1.62 

8.04 

4.65 

6.06 

7.68 

9.10, 

31  16.1)7 

8.49 

t50.00 

1.52 

3.03 

4.55 

6.06 

7,57 

9.0! 

i4ia6i' 

32  48.48 

200.00 

1.51 

3.03 

4.64 

6.06 

7.57 

9.08 

1260  60 

2.12; 

33io0.(lll 

1.62 

8.03 

4.65 

6.06 

7.58 

9.09 

1110.60 

2.12 

3.HI 

34J51.52 

8.0) 

4.55 

6.07 

7..'.8 

9.10 

960.61 

2.12 

8.64 

6.  IB 

3.'i|53.08 

4.55 

6,06 

7.58 

9.0; 

810.61 

2.12 

5.16 

6.67 

3B;.54.u4 

6.0« 

7.58 

9.01 

660.60 

2.12 

3.63 

5.14 

6.66 

8.18: 

37!5ti.Oll 

7.58 

9.09 

510.61 

2.12 

3.64 

6.16 

6-66 

8-18 

1420.70 

3S57.67 

9.0!) 

J60.60 

2.12 

5.15 

6.66 

8.17 

9.69 

1.21; 

31P|  59  (19 

210-61 

3.64 

&!l6 

6.67 

8,18 

9.69 

1271,22 

4lltl0.6U 

2.12 

3.63 

6.15 

6.66 

8.18 

9.69 

1121.20 

2.72 

4^24' 

4102.12 

a.  64 

6.15 

6.(17 

8  18 

9.70 

971.21 

2.72 

4.24 

5.76 1 

42r.3.S;i 

6.15 

6.66 

8,  IK 

9.6i>K21.21 

2,72 

4.23 

5.75 

43 

^.15 

6.17 

8.18 

9.70 

r)21.21 

2.73 

4,24 

5.76 

7,27 

e!79 

44 

t>ti.6b 

8.18 

9.69 

521.21 

2.72 

4.24 

5.76 

7.26 

8.78 

1430.30 

45 

ta!.i8 

8.70 

371.21 

2.78 

4.24 

6.76 

7.27 

8.78 

1280.80 

182 

41) 

119.6? 

221.21 

2.72 

4.24 

5.75 

7.27 

8.78 

1130.29 

1.81 

3.33 

47 

71.21 

2.73 

4.24 

5.76 

8.79 

980.30 

1.81 

3.33 

4.85 

48 

/2.73 

4.25 

6.76 

7.2P 

8!71 

tt30,81 

1,82 

3.33 

4,85 

6.37' 

40 

74.24 

5.76 

7.27 

8.79 

iiHi).3(J 

1.82 

3.83 

4.84 

6.3b 

7.88, 

50 

r5.77 

7.2'. 

8.80 

580.31. 

1.83 

3.85 

6.37 

7.89 

9.41, 

r>i 

77.27 

8.79 

380.30 

1.82 

3.33 

ts 

6,3h 

7.87 

9.39 

1440.911 

52 

78.79 

230.31 

1.82 

8.34 

4.8: 

7.88 

9.88 

1290,91 

243 

,63 

S0.30 

1.82 

3.33 

4.85 

6.3t, 

7.8W 

9.3! 

1140.9(1 

2.42 

3.94" 

[54 

81.81 

3.33 

4.84 

6,36 

7.87 

9  39 

990.00 

2,41 

3.93 

6.45' 

5& 

93.33 

4.8G 

6.36 

7.88 

9.3! 

840.91 

2.42 

8.93 

6,46 

6.97-, 

5H 

«4.8a 

6.87 

7.88 

9,40 

f;!H).91 

2.43 

8,94 

5.45 

6.97 

6.49 

57 

Hfl.SC 

788 

9.39  540.91 

2.43 

3.94 

5.45 

6.96 

8.48 

1 45a  no 

?» 

S7.8H 

9.4( 

J90.01      2.43 

4.94 

5.46 

8.97 

8.48 

1300.00 

1.52,i 

SO 

89.29 

240.91 

2.42     3.94 

5.45 

6.97 

8.48 

9.96 

1.51 

3.03i 

m 

M.91 

2.43 

8,94      6  46 

6.'-l7 

8.49 

11W).<»  1161.61 

8.03 

*-^'i 

TABLE  IV.— ^0  Reduce  Feet  to  Linkt, 
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a    Links 


61 
82 
68 
64 
65 

66 
67 
68 
69 
70 

n 

72 
78 
74 
76 

76 
77 
78 
79 
80 

81 
82 
88 
84 
86 

86 
87 
88 
89 
90 

91 
98 
98 
94 
95 

96 
97 
W 


92.42 

95.05 
96^7 

96.08 

» 

100.00 
101.52 
108.08 
104.55 
106.06 

107.58 
109.09 
110.61 
112.12 
118.64 

115.15 
116.67 
118.18 
119.70 
121.21 

122.78 
124.24 
125.76 
127.27 
128.79 

180  80 
181.82 

188  88 
184.85 
186.86 

187.88 

189  89 
140.91 
142.42 
148.94 

145.46 
146.97 
148.48 


100 

248.94 

5.46 

697 

248.99 

250.00 

251.62 
3.04 
4.55 
6.07 
7.58 

9.10 
260.61 
2.18 
8.64 
8.16 

6.67 
8.19 
9.70 
271.22 
2.78 

4.25 
5.76 
7.28 
8.79 
280  81 

281.62 
8.84 
4.85 
6.87 
7.88 

9.40 
290.91 
1.48 
0.96 
5.46 

6.96 
8.49 
800.00 


200        800        400 


99 1 150!00  I  801.52 


89f.45 

697 

8.48 

400.00 

401.51 

8.08 
4.55 
6.06 
7.58 
9.09 

410.61 
2.12 
8.64 
5.15 
6.67 

8.18 
9.70 
421.21 
2.78 
4.24 

5.76 
7.27 
8.79 
480  80 
1.82 

8.88 
4.85 
6.86 
7.88 
9.89 

440.91 
242 
8.94 
5.45 
6.97 

8.49 

450.00 

1.51 

8.08 


546.97 
8.49 
9.00 

55152 
8.08 

4.55 
6.07 
7.58 
9.10 
560.61 

2.18 
864 
516 
6.67 
8.19 

9.70 
57122 
278 
425 
5.76 

7.28 
8.79 
580.81 
1.82 
884 

4.85 
6.87 
7-88 
9.40 
590.91 

2.42 
808 
5.45 
6.96 
848 

600.00 
1.52 
808 
4.55 


698.48 
700  00 

1.51 
708.08 

4.55 

6.06 
7.68 
9.09 
710.61 
2.12 

8.64 
516 
6.67 
8.18 
9.70 

721.21 
2.78 
4.24 
5.76 
7.27 

879 
780.80 
182 
8.88 
4.85 

686 
7.88 
9.89 
740.91 
242 

894 
545 
6.97 
8.48 
750.00 

1.52 
8.03 
4.54 
6.05 


500 

85000 
1.52 
8.08 

854.55 
6.06 

7.58 
9.09 
860.61 
2.12 
&64 

6.16 
6  67 
819 
9.70 
871.22 

2.78 
4.25 

576 
7.28 
8.79 

880.81 
1.82 
a84 
485 
6.87 

7.88 
9.40 
890  91 
2.48 
&94 

5.46 
697 
8.49 
900.00 
1.62 

8.08 
4.55 
6.06 
7.58 


600 


1001.51 
808 
4.14 

1006.06 
758 

900 

1010  61 

2.12 

8.64 

1016.15 

6.67 
8.18 
9.70 
102121 
2.78 

4.24 

5.76 

7.27 

8.79 

1080.80 

1.82 
8.88 
4.85 
6.86 
7.88 

989 
1040.91 
2.42 
8.95 
5.45 

6.97 
8.48 
1050.00 
1.51 
8.08 

4.56 

606 
7.68 
9.09 


700 


1158  02 
4.<>4 
6.06 

1157.57 
50.08 

1160.60 
2.12 
8.68 
5.15 
6.66 

818 
9.69 
1171.21 
2.72 
i.24 

5.76 
7.27 

8.75 

1180.80 

1.81 

8.88 
4.85 
6.86 

7.87 
9.88 

1190.90 
2.42 
0.98 
5.45 
696 

8.48 
9.99 
120L51 
802 
4.54 

6.06 

7.57 

9.08 

1210.60 


800 


1804.54 

6.06 

7.57 

1809.09 

1810.61 

2.12 
8.64 
6.15 
667 
818 

9.70 
1821.21 
2.78 
4.24 
5.76 

7.27 
8,79 
1880.80 
1.82 
888 

4.85 
6.86 
7.88 
9.89 
1840.91 

2.42 

4.00 
5.45 
6.97 
8.48 

1850.00 
1.51 
8.08 
454 
6.06 

768 

9.00 

1860.60 

2.12 


900 

1456.C 
1.1 
9.C 

1460.6 
2.1 

8.6 
5.1 
6.6 
8.1 
9.7 

14n.2 
2.7 
42 
6.7 
7.2 

8.7 

1480.8 

1.8 

8.8 

4.8 

68 
7.8 
94 
1480.9 
2.4 

8.9 
5.6 
6.9 
8.4) 
1600.01 

1.6! 
&0i 
\A 
6.0 
7.6 

9.1 

1510.6 

2.1 

8.6 


Ft.       1000        2000        8000        4000    i    5000 


0 
100 
200 
800 
400 
500 
600 
700 
800 
900 


1516.16 
1666.67 
1818.18 
1969.70 
2121.21 
2272.78 
2424.24 
2575.76 
2727.27 
2878.79 


8080.80 
8181.82 
8888.83 

3484.85 
8686  86 
8787.88 
8989.29 
4040.91 
4242.42 
4898.94 


4645.45 
4696.97 
4848.48 
5000.00 
5151.51 
5808.03 
54&4.55 
5606.06 
5757.58 
5909.09 

Links, 


6060.61 
6212.13 
6868.64 
6516.15 

WjOO.oD 

6818.18 
6969.70 
7121.21 
7272.73 
7424.24 


i 7575.76 

1 7878.79 
8030.80 

,8181.82 
8383.33 
8484.85 
8636.86 

1 8787.88 

18989.89 


6000 


9090 

9242 

9898 

9545 

9696 

9648 

10000 

10161 

10308 

10454 


91 
42 

94 
45 
97 
48 
00 
52 
03 
65 


7000 

10606.06 
10757.58 
10909.09 
11060.61 
11212.12 
11368.64 
11515.16 
11666.67 
11818.18 
11969.70 


8000 


1212ir21 
12272.78 
12424.24 
12575.76 
1272727 
12878.79 
18080  80 
13181.82 
18388.88 
18484.85 


9000 

18686.8 
18787.8 
189898 
14090.9 
142424 
14888i 
145464 
14696J 
14848.4 
150004 


0.126 
0.253 
0.379 
0.605 


inclies. 

Feet. 

LinkH. 

5 
6 

7 
8 

0.416 
0.500 
0.588 
0.667 

0.681 
0.767 
0.888 
1.010 

inches. 


9 

10 
11 
12 


Feet. 


0.750 

0.883 
0.947 
1.000 


Link! 


1.126 

1.262 
1.888 
1.515 


Exan^le,    Reduce  9874  feet  to  links. 

From  the  bottom  table  we  find  9800  feet  = 
From  the  upper  table,  74  links  = 


14848,48  link^ 
112.12 

14960,60  linM 


M 


TABU  V.—Lmgllu  of  dTaOar  Ara  lo  Badiia  I. 


D^.|       a™. 

■>^ 

A^       IK 

Art.  ;s. 

A« 

_^ 

61 

l.t>U4li51 

121 

i.ine48h 

~29I 

1 

~6 

S 

S          \ 

1.1182 104 

2 

1.129802 

2 

682 

2 

10 

"S       i 

1. 099557 

8 

I.1467.if 

3 

873 

3 

15 

^ 

•s        j 

4 

1.1I70II 

1.164208 

4 

1164 

4 

19 

66 

1.184W4 

125'1.181662 

5 

1464 

5 

24 

6 

1.151917 

611.199115 
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3 
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96 
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10181 
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1 

31.0.638318 
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370.666771 

7 
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2.74016537 
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(7 
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£■ 
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8 
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2.757618 

^8 

11058 
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i 

1.727874 

2.775071 

39 

11344 
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400  698132 
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1.74632S 
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2.792537 

10 

11636 

194 

41  o.Tie&a.i 

1 

1.762782 

2.809980 

11 

11936 

199 
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420.T33038 

2 

1.780235 

2.827488 

42 

12217 
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43  O.TS(M9l 

8 

1.7976^8 

2.844886 

43 

12608 

13  208 
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44  0.767944 

4 

1.816141 

2,862389 

44 

12799 

111218 

45  0.785398 
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1.832695 
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2.879793 

45 

18090 

45218 
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4G  0.802861 

6 

1.850048 

J.897246 

t(i 

13381 

g 

1   1 

47  0.820304 

7 

1.867601 

2.914699 

17 

18072 

480.887767 

8 

1.884954 

2.982152 

48 

ISU68 
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490.8.W2H 

9 

1.9024P7 

2.049605 

14254 

60  0.872665 
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1. 91986: 
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2.967060 

14644 

a 

1      1 

61  0  8'«U8 

1 

1.937816 

2.984518 

51 

14886 

>1 
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520.907671 

1.954768 

2 
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16126 
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■S 
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8 

1.972221 

3 

3.019419 

M 

IH17 

1 

i  s 

54  U  942477 

4 

1.989674 

4 

3.036872 

54 

15708 

Z 

E'J 

55  0.959031 

115 

2.00712S 

175 

3,064326 

55 

15999 

6(1  0.977384 

li 

2.024581 

3.071  T79 

56 

16290 

272 

67  0.994837 

2.042034 

8.089232 

57 

16681 

57 

277 

1 

■;  ■» 

6B  1.012290 

8 

2.0?.94e7 

3.106085 

58 

16872 

58 

281 

-  3 

691.029743 

2  O7094( 

3.124138 

59 

17162 

59 
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K 
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GOt  017198 
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2.094805 
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3 141598 

BO 

17453 
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5 

H 

Here  M  =:  miiiatcs,  8  ^=  BccoDds. 


TABLE  VI. — Length*  of  (Hreular  Arcs  obtained  by  having  the  Chord  or 

Baee^  and  Height  or  Versed  Sine 

given. 

h 

h 

h 

h 

h 

h 

b 
.100 

Length. 

b 
.160 

Length. 

b 
.220 

Length. 

b 
.280 

Length. 

b 
.340 

Length. 

b 
.400 

Length. 

1.0265 

1.0669 

1.1246 

1.1974 

1.2843 

1.8832 

1 

70 

1 

78 

1 

56 

1 

89 

1 

58 

1 

50. 

2 

75 

2 

86 

2 

66 

2 

1.2001 

2 

74 

2 

671 

8 

81 

8 

94 

8 

77 

8 

15 

3 

90 

8 

85; 

4 

86 

4 

1.0708 

4 

89 

4 

28 

4 

1.2905 

4 

1.8902 

.105 

91 

.165 

11 

.225 

1.1300 

.285 

42 

.845 

21 

.405 

20 

6 

97 

6 

19 

6 

11 

6 

66 

6 

87 

6 

87 

7 

1.0308 

7 

28 

7 

22 

7 

70 

7 

62 

t 

66 

8 

08 

8 

87 

8 

88 

8 

83 

8 

68 

8 

72 

9 

14 

9 

45 

9 

44 

9 

97 

9 

84 

9 

90 

.110 

20 

.170 

64 

.230 

56 

.290 

1.2110 

.350 

1.8000 

.410 

1.4008 

1 

85 

1 

62 

1 

67 

1 

24 

1 

16 

1 

25 

2 

81 

2 

71 

2 

79 

2 

38 

2 

82 

2 

48 

8 

87 

8 

80 

8 

90 

8 

62 

3 

47 

8 

61 

4 

48 

4 

89 

4 

1.1402 

4 

66 

4 

68 

4 

79 

.115 

49 

.175 

98 

.235 

14 

295 

79 

365 

79 

.416 

97 

6 

55 

6 

1.0807 

.6 

25 

() 

98 

6 

95 

6 

1.4116 

7 

61 

7 

16 

7 

86 

7 

1.2206 

7 

1.8112 

7 

82 

8 

67 

8 

25 

8 

48 

8 

20 

8 

28 

8 

60 

9 

73 

9 

84 

9 

60 

9 

85 

9 

44 

9 

68 

.120 

80 

.180 

43 

.240 

71 

.800 

50 

360 

60 

.420 

86 

1 

86 

1 

52 

1 

83 

1 

64 

1 

76 

1 

1.4204 

2 

92 

2 

61 

2 

95 

2 

78 

2 

92 

2 

22 

8 

99 

8 

70 

3 

1.1507 

8 

92 

8 

1.8209 

3 

40 

4 

1.0405 

4 

80 

4 

19 

4 

1.2306 

4 

25 

4 

68 

.125 

12 

.185 

89 

.246 

81 

.805 

21 

.865 

41 

.425 

76 

6 

18 

6 

98 

6 

48 

•6 

35 

6 

68 

6 

95 

7 

25 

7 

1.0908 

7 

65 

7 

49 

7 

74 

7 

1.4813 

8 

81 

8 

17 

8 

67 

8 

64 

8 

91 

8 

81 

9 

38 

9 

27 

9 

79 

9 

78 

9 

1.8807 

9 

49 

.180 

45 

.190 

86 

.250 

91 

.810 

93 

.870 

23 

.430 

67 

1 

52 

1 

46 

1 

1.1603 

1 

1.2407 

1 

40 

1 

86 

2 

58 

2 

56 

2 

16 

2 

22 

2 

56 

2 

1.4404 

8 

65 

8 

65 

8 

28 

8 

86 

3 

78 

8 

22 

4 

72 

4 

76 

4 

40 

4 

51 

4 

90 

4 

41 

.185 

79 

.196 

85 

.255 

63 

.815 

65 

.875 

1.8406 

.486 

59 

6 

86 

9 

95 

6 

65 

6 

80 

5 

28 

6 

77 

7 

98 

7 

1.1005 

7 

77 

7 

95 

7 

40 

7 

96 

8 

1.0500 

8 

15 

8 

90 

8 

1.2510 

8 

56 

8 

1.4614 

9 

08 

9 

26 

9 

1.1702 

9 

24 

9 

73 

9 

83 

.140 

15 

.200 

85 

.260 

16 

820 

89 

.380 

90 

.440 

51 

1 

22 

1 

45 

1 

28 

1 

64 

] 

1.3507 

1 

70 

2 

29 

2 

65 

2 

40 

2 

69 

2 

24 

2 

88 

8 

87 

8 

65 

8 

5S 

8 

84 

3 

41 

3 

1.4607 

4 

44 

4 

75 

4 

66 

4 

99 

4 

68 

4 

26 

.145 

62 

.206 

85 

266 

78 

.825 

1.2614 

.885 

74 

.446 

44 

6 

69 

6 

96 

6 

91 

6 

29 

6 

91 

6 

68 

7 

67 

7 

1.1106 

7 

1.1804 

7 

44 

7 

1.8608 

7 

82 

8 

74 

8 

17 

8 

16 

8 

69 

8 

25 

8 

1.4700 

9 

82 

9 

27 

9 

29 

9 

74 

9 

43 

9 

19 

.160 

90 

.210 

37 

.270 

48 

.330 

89 

.390 

60 

.460 

88 

1 

97 

1 

48 

1 

56 

1 

1.2704 

1 

.77 

1 

57 

2 

1.0605 

2 

68 

2 

69 

2 

20 

2 

94 

2 

75 

8 

18 

8 

69 

8 

82 

8 

85 

3 

1  3711 

8 

•      94 

4 

21 

4 

80 

4 

97 

4 

60 

4 

•       28 

4 

1.4818 

.165 

29 

.216 

90 

,275 

1.1908 

.386 

66 

.396 

46 

.465 

82 

6 

87 

6 

1.1201 

6 

21 

6 

81 

6 

63 

6 

61 

7 

45 

7 

12 

7 

84 

7 

96 

7 

80 

7 

70 

8 

58 

8 

23 

8 

48 

8 

1.2812 

8 

97 

8 

89 

9 

61 

9 

88 

9 

61 

9 

27 

9 

16 

9 

1.4908 

.160 

1.6069 

.220 

1.1245 

.280 

1.1974 

.340 

1.2848 

.400 

1.3882 

.460 

1.4927 

1  TABLE  Vl—Lmolht  of  CtraJar  Ara  oblmud  by  hapmg  tJu 

\l 

L«iU.. 

^  jun^l.. 

.474 

UdkUi 

4S1 

1  ftsaa 

.m 

Unph 

k 

^ 

m 

1 ,4(127 

467;  1.60GI 

1.6196 

1.6470 

.496|  1.6606 

1 

ii 

f 

6|  1.6216 

? 

52 

S 

8i 

28 

? 

< 

(If 

fi 

Mft 

J 

71 

49< 

1.5fi0! 

; 

4H 

47( 

l.&ll! 

7 

' 

91 

1 

2S 

^ 

] 

S^ 

> 

74 

4H.S 

1.6411 

V 

4! 

.465 

': 

67 

1 

ftf 

li 

fll 

i 

6i 

J 

70 

4HI 

1.631f 

6C 

4 

ftS 

'i 

1.6061 

4 

1.51% 

1 11.6832 

W 

1.5470.595 

1.6fi08 

EzampU.     Qirta  Ui*  chord  ^  12,16  f««t,  and  tb«  haight 
to  fiad  thi  lenBth  of  th*  kto.     Her*  h  =  3,48,  ud  b  =  12, 

h       S,48 
ud  -  = ^  UbaUr  heixht  =  ,2862  nearlv. 

.  b      12,16  6  .  / 

TtbaUr  AN  eomipondiBg  to  266  =  1,2056  =  1,2066 
TaboUr  are  carregponding  to  287  =  1,2070 
diivrwiae,  U  mnltipliad  b;  ,2,  =    0002.8 

1,2068,8  " 
12,16 
LeogUi  of  tli«  ovre  ■=  14,6636  feet  ntariy.    I 
Rait.    T«  the  ttbnlw  are  correspon^tig  to  the  Sret  three  fienm, 
»dd  the  product  of  the  rourth  decimal,  if  anj,  bj  the  difference  of  the  ' 
tabular  heighia,  of  the  ooe  leas  and  the  other  greater  than  the  giren  | 
tabular  Dumber.     The  sviil  vill  be  the  required  tabular  length  to  the   i 
nearest  ten  thousandth  part,  vliidi  Bom  inaltiplied  bjthagiTODdord,   \ 
will  give  the  required  length.  1 

ExampU  2.    Let  ehord  6  —  40,20  feet,  and  height  h  =  6,16  feet,  j 
h       5,16  :[ 

Here-  ^  _^  _  ■=  ,1277  =  tabular  height. 


40,2 


,127  =  1,0426  =  1,0426 

,128  =  1,0481 
difference  =    ,0006,  multiplied  b;  7  =  4.3  ;| 

1,0429,2  I 
Bbm  or  chord  =  40,2 


TABLE  VII 

. — Areas  of  Segments  of  a  Circle  tehou  Diameter  if  Unity, 

Tab. 

Tab. 

Tab. 

Tab. 

Tab. 

h'igfat 

Areaseg. 

h'ight 
.063 

Ar«aMg. 

h'gbt 
.125 

Area  Beg. 

h»ght 
.187 

Area  leg. 

h'gbt 
•249 

Area  seg. 

.001 

.000042 

.020681 

.056663 

.101553 

.152680 

2 

119 

4 

1168 

6 

7826 

8 

2834 

.260 

8546 

3 

219 

6 

1659 

7 

7991 

9 

8116 

1 

4412 

4 

887 

6 

2164 

8 

8658 

.190 

3900 

2 

6280 

5 

470 

•7 

2652 

9 

9327 

1 

4685 

8 

6149 

6 

618 

8 

8154 

.180 

9999 

2 

5472 

4 

7019 

7 

779 

9 

8659 

1 

.060672 

8 

6261 

6 

7890 

8 

951 

.070 

4168 

2 

1848 

4 

7051 

6 

8762 

9 

.001185 

1 

4680 

8 

2026 

5 

7842 

7 

9636 

.010 

1829 

2 

6195 

4 

2707 

6 

8686 

8 

.160510 

1 

1538 

8 

5714 

6 

8389 

7 

9480 

9 

1386 

2 

1746 

4 

6286 

6 

4074 

8 

.110226 

.260 

2263 

8 

1968 

5 

6761 

7 

4760 

9 

1024 

1 

8140 

4 

2199 

6 

7289 

8 

6449 

.200 

1828 

2 

4019 

6 

2488 

7 

7821 

9 

6140 

1 

2624 

2 

4899 

6 

2685 

8 

8356 

.140 

6833 

2 

8426 

4 

5780 

7 

2940, 

9 

8894 

1 

7628 

8 

4230 

5 

6663 

8 

8202 

.080 

9435 

2 

8225 

4 

6085 

6 

7546 

9 

8471 

1 

9979 

8 

8924 

6 

6842 

7 

8430 

.020 

8748 

2 

.080526 

4 

9625 

6 

6660 

8 

9315 

1 

4081 

8 

1076 

5 

.070328 

7 

7460 

9 

.170202 

2 

4822 

4 

1629 

6 

1083 

8 

8271 

.270 

1089 

8 

4618 

6 

2180 

7 

1741 

9 

9088 

1 

1978 

4 

4921 

6 

2746 

8 

2460 

.210 

9897 

2 

2867 

6 

5280 

7 

3807 

9 

8161 

1 

.120712 

8 

3758 

6 

5546 

8 

8872 

.160 

8874 

2 

1529 

4 

4649 

7 

6867 

9 

'4441 

1 

4689 

3 

2347 

6 

6542 

8 

6194 

.090 

6011 

2 

6806 

4 

8167 

6 

6485 

9 

6627 

1 

6586 

8 

6026 

6 

8988 

7 

7830 

.080 

6865 

2 

6162 

4 

6747 

6 

4810 

8 

8225 

1 

7209 

8 

6741 

6 

7469 

7 

5634 

9 

9122 

2 

7558 

4 

7828 

6 

8194 

8 

6459 

.280 

.180019 

8 

7918 

6 

7909 

7 

8921 

9 

7286 

1 

0918 

4 

8278 

6 

8496 

8 

9649 

.220 

8113 

2 

1817 

6 

8438 

7 

9087 

9 

.080880 

1 

8942 

3 

2718 

6 

«008 

8 

9680 

.160 

1112 

2 

9778 

4 

8619 

7 

9888 

9 

.040276 

1 

1846 

3 

.180605 

6 

4521 

8 

9768 

.100 

0875 

2 

2582 

4 

1488 

6 

5425 

9 

.010148 

1 

1476 

8 

8820 

6 

2272 

7 

6829 

.040 

0687 

2 

2080 

4 

4059 

6 

8108 

8 

7234 

1 

0981 

.   8 

2687 

5 

4801 

7 

8945 

9 

8140 

2 

1880 

4 

8296 

6 

6644 

8 

4784 

.290 

9047 

8 

1784 

5 

8908 

7 

6289 

9 

6624 

1 

9956 

4 

2142 

6 

6622 

8 

7036 

.230 

6465 

2 

.190864 

6 

2564 

7 

6189 

9 

7786 

1 

7807 

8 

1776 

6 

2971 

8 

6759 

.170 

8685 

2 

8160 

4 

2684 

7 

8892 

9 

6381 

1 

9287 

8 

8996 

5 

8596 

8 

8818 

.110 

7006 

2 

.090041 

4 

9841 

6 

4509 

9 

4247 

1 

7682 

8 

0797 

6 

.140688 

7 

5422 

.050 

4681 

2 

8262 

4 

1654 

0^   1587 

8 

6837 

1 

6119 

8 

8894 

5 

2813 

7 

2887 

9 

7262 

2 

6561 

4 

9528 

6 

8074 

8 

8288 

.800 

8168 

8 

6007 

6 

.060166 

7 

8886 

9 

4091 

1 

9085 

4 

6457 

6 

0804 

8 

4601 

.240 

4944 

2 

.200008 

6 

6911 

7 

1446 

9 

6866 

1 

6799 

8 

0922 

6 

7869 

8 

2090 

.180 

6184 

2 

6666 

4 

1841 

7 

7881 

9 

2786 

1 

6908 

8 

7612 

5 

2761 

8 

8296 

.120 

8886 

2 

7674 

4 

8371 

6 

8683 

9 

8766 

1 

4086 

8 

8447 

6 

9230 

7 

4605 

.060 

9289 

2 

4689 

4 

•  9221 

6 

.160091 

8 

5627 

1 

9716 

8 

6845 

5 

9997 

7 

0953 

9 

6461 

2 

.020196 

4 

6003 

6 

.100774 

8 

1861 

.310 

7876 

TAIILE  \ll.—Arnu  ef  Stgmma  of  a  CirtU  ahote  Diamiler  it  Umtf.     \ 


*n» 

T.1;^ 

it««(.  Jjh,  *«•-«■ 

Tib. 

■pibi 

An.Hf.   To  fijid  i)u  TH-  , 

^373 

2670781.430  .8278H2 

497 

xZar  Ftrtxl 

.2U8-HI1 

,889699             siu. 

2 

9227 

4 

8045 

6       8874 

8 

.890699                             1, 

3 

.210154 

6 

9013 

7       986t! 

9 

.891699      Suit.    Diride  ■ 

6 
6 

2011 
2940 

6 

e 

9982 

270951 

1920 

8  .830858 

9  1850 
440       2843 

600 

■3920991  the  heifhioflhei 

giTCD  Begroent  bj  the  dime-  ' 

3871 

2890 

ter  of  the  cirele  of  which  it  it  ■ 

8 

4802 

380 

3861 

2       4829 

aMgnent.    Theqootientwin 

.820 
1 

673M 
75'J9 

2 

4832 
580:i 

3  6822 

4  68l«i 

be  the  required  UboUrhei^l.  ] 

8 

5       7810 

And  because  the  ueu  of  ! 

2 

8;»33 

4 

7748 

6 

8804 

oirclea  »re  to  ooe  Rnothem 

t 
4 
6 

946f 

.220404 
1344 

6 

6 

7 

8721 

9694 

28u668 

7 
8 
9 

9798 

340793 

1787 

thesquwwoftheirdiimeMri,  'i 
multiplj  the  tabular  areu  >■  , 

G 

2277 

8 

1642 

460 

2782 

this  table  b;  (he  BquAreafthe  ' 

9 

2617 

1 

diameterof  the  circle  ofwbicli  . 

( 

4154 
6093 
6033 

.390 

859-> 

2 

s 

4772 
6768 

a  segment  is  giTen.    The  pre-  L 

33< 

2 

6644 

4 

6764 

duet  will  b«  the  are*  of  the  il 

1 

6974 

8 

6521 

6 

7769 

required  B^ment                     1 

2 

s 

7916 
B85!l 

4 

5 

7498 
8476 

6 

7 

8755 
976-J 

£ian,pU.    (Soefig.l7.)  Lei 

4 

SrtOI 

6 

9453 

8 

.850748 

the  chord  A  B  =  42.  T(»ed  ! 

5 

.230746 

7 

290432 

1745 

sine  D  C  =  7.                           \ 

6 

1609 

8 

1411 

.4f;o 

2742 

A 

7 

2634 

2390 

1 

8739 

Bj  Euclid  III,  prop.  3  ud 

8 

3680 

.400 

8369 

2 

4736 

.340 

4626 
5473 

1 
2 
8 

4349 
6330 
6311 

8 
4 
6 

6732 
6730 

of  the  arc  at  righl  aDgle*.  con- 

; 

7869 

4 

7292 

6 

8729 

gle  contained  bj  the  rersed 

8318 

6 

8278 

7 

9723 

aine,  and  the  remaining  part 

■ 
S 

92'iP 

.240218 

1169 

6 
7 

8 

9256 

.300238 

1220 

8 
9 

.470 

.860721 
1719 
2717 

of  th«  diameter,  equal  to  the  ' 

square  of  half  the  chord. 

2121 

g 

2203 

8716 

.■.21»diTidodby7=TD 

3074 
402< 

.410 

1 

■  3187 
4171 

2 
3 

4413 
6712 

.3C 

4981 

2 

5165 

4 

6710 

V  C  =  63  +  7  =  70.  and  7 

6934 

3 

6140 

6 

7709 

dirided  by  70  =  ,100  =  tab- 

6889 

4 

7125 

e 

8708 

ular  Tcned  Bine,  wboseoorrea- 

7845 
880 

5 
6 

8116 
9096 

7 
8 

9707 
.370706 

ponding  atea  =,040875,which 

976" 

7 

.310081 

9 

1705 

■Dultiplied  by  the  square  of 

.250715 

8 

106? 

.480 

276^ 

the  diameter  <=  4900,  giTM  j 

1673 
2631 

9 
.42) 

2054 
304! 

; 

470- 

the  required  area  =  200.2876. 

3690 

4029 

1 

6702 

-  EzanpU  2.     Let  the  Ubu- 

.8G 

4550 

2 

l»16 

4 

6701. 

UrTcnedsinc  =  .8456,  which  | 

6510 

3 

6004 

1 

7701 

isnottobefoundiotbeUble. 

647 

748. 

839. 

5       936 

B  .26032 

4 

1 

7 

699L 
798 
8970 
!»959 
.320948 

7 

8 

S 

.49fl 

8701 
9700 
.8807(K 
1899 
2699 

Tab.  Tcrsed  sioe  346, 

area  eeement  =  ,240218 
Tab.  rereed  sine  847, 

area  eegmenl  =  .241169 

128 

s 

193K 

369! 

difference,        %! 

224 

.43' 

2928 

i 

4699 

Asl0:951.:6:670,6,  near- 

9      321 

891S 

3       6699 

ly  671,  .-.,240218 

.37 

0       417 

: 

490" 

4       669H 

more          671 

614 

& 

69a 

6       7691 

,240789  =  the  re- 

2      611 

4 

G89J 

6       86'.lfl 

quired  area  of  segment. 
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Eule,  Take  out  the  areas  corresponding  to  the  nearest  tabular 
Tersed  sine, — one  greater  and  the  other  less  than  the  giyen  tabular 
Yersed  sine ;  take  the  difference  of  the  area  segments ;  multiply  this 
difference  by  the  fourth  decimal  figure  of  the  given  tabular  versed 
sine ;  cut  off  one  figure  to  the  right,  and  add  the  remainder  to  the 
lesser  area  segment.  '  The  sum  will  be  the  required  area  segment. 
(See  the  last  example.) 

Note.  When  the  tabular  versed  sine  is  greater  than  ,500,  the  seg- 
ment is  greater  thni  a  semicircle;  in  which  case  subtract  it  from  1, 
find  the  area  seg.  of  the  difference,  which  take  f^m  ,785898.  Multi- 
ply this  difference  by  the  square  of  the  diameter.  The  product  will 
be  the  required  area. 

Example,  Let  tabular  versed  sine  =  ,867,  and  let  60  =  diameter 
of  the  circle. 

From  1,000  Area  circle  =  ,785898 

take  tabular  versed  sine  0,867 

difference,   ,188  Area  segment  =  ,062026 

Correct  area  of  segment 


Square  of  60  (the  diameter) 
Required  area  of  the  segment 


=,,723372 
=       8600 
=  2604,039200 


TABLE  Vm.— 7b  Reduce  Square  Feei  to  Acres,  and  Vice  Verea. 


Ac. 
1 

2 
8 
4 
5 
6 
7 
8 
9 
10 


Sq.  fMt 


43560 
87120 
130680 
174240 
217800 
261860 
804920 
848480 
492040 
486600 


Acre. 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


8q.  fe«t. 


479160 
522720 
566280 
609840 
6584D0 
696960 
740520 
784080 
827640 
871200 


Acres. 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


Sq.  feet. 


914760 
958320 
1001880 
1045440 
1089000 
1132560 
1176120 
1219680 
1263240 
1306800 


Acre*. 


31 
82 
83 
84 
85 
86 
37 
88 
89 
40 


Sq.  feet. 


1350360 
1893920 
1487480 
1481040 
1524600 
1568160 
1611720 
1655280 
1698840 
1742400 


Acres. 


Sq.  feet. 


41  1785960 
42;  1 829520 
431878080 


44 
45 
46 
47 
48 
49 
50 


1916640 
1960200 
2003760 
2047320 
2090880 
2184440 
2178000 


0.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 

0.9 


4856 
8712 
18068 
17424 
21780 
26186 
80492 
84848 
89204 


.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
0.09 


435.6 
871.2 
1806.8 
1742.4 
2178.0 
2613.6 
8049.2 
8484.8 
3920.4 


0.001 
.002 
.003 
.004 
.005 
.006 
.907 
.008 

0.009 


43.56 
87.12 
130.68 
174.24 
217.80 
261.36 
304.92 
348.48 
392.04 


0.0001 
.0002 
.0008 
.0004 
.0005 
.0006 
.0007 
.0008 

0.0009 


4.36 
8.71 
18.07 
17.42 
21.78 
26.14 
80.49 
84.85 
39.20 


0.00001 
.00002 
.00003 
.00004 
.00005 
.00006 
.00007 
.00003 

0.00009 


0.44 
0.87 
1.81 
1.74 
2.18 
2.61 
8.06 
3.49 
3.92 


BxampU.      Bedaee 
From  the  first  part, 

From  the  second  part. 


1288446  square  feet  to  acres. 

126S240"29 

211206 
17424  =  ,4 

27P2 
2613,6  »  ,06 

168.4 

180,68  =  ,008 

87,72 

J4.85  »  ,0008 

2,87 
^,61  «  ,00006 

0,26  =  ,000005  nearly;  .*.  29,46886  «  Answer. 

This  example,  being  one  of  the  most  difflonlt  that  can  occur,  is  sufficient  tc 

show  the  application. 
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BLE  Villa. — Prapertiet  ofPoUfgwM  whose  Sides  are= Unify. 


Nama  of  polygon 


Trigon. 
Tetragon. 
Pentagon. 
Hexagon. 

Heptagon. 

Octagon. 

Nonagon. 

Decagon. 

Undecagon. 
Dodecagon. 


Area  of 
pdjgOB. 


0.438012 
1.00000001 
1.7204774 
2.5980762 

8.6389124 

4  8284271 
6.1818242 
7.6942088 

9.8656404 
11.1961524 


Angle  at  the 
centre. 


120,00,00 
90,00,00 
72,00.00 


Angle  made 
by  two  of 
itaetdes. 


60,00,00 

90,00,00 

108.00.00 


Radios  of 

thelnacriVd 

circle. 


TAuYna. 

Side  9/ a  pA^:^ 

'fd  tmadrek' 
fBhote 
ler  — 1 


0.2886751 
0.5000000 
0  6881910 


60,00,00  120,00.00  ,p.8660254 
51,25,42^,128,34,17j  0.0882617 
45,00.00  185,00,00  1.2071068 
40,00,00  140,00,00  1  8787387 
36,00,00    144,00,00    1.5888418 

82,00.16j^j  147,16,21,*  1.7028487 
80,00,00    150,00,00  11.8660254 


1.732051  j 

1.414214 

1.176571 

l.OOOOOO 

0.867768 

0.765367 

0.6840IO 

0.6186S4 

0.663866 

0.517638 


TABLE  IX.— .Prtjp 

ertie$  of  (A«  Five  Regular  Bodies, 

1 

•Name  of  polygon 

Area  of  r^a- 

lar  polygon 

whose  side  is 

—  l. 

Solidity  of 
regular  pol- 
ygon whose 
side  is  —  1. 

Sidoofapol. 
f  ns.in  sphere 
whose  diam- 
eter _,1. 

Side  of  poly. 

cire*mscrib'^ 

splierewhoee 

diam.— 1. 

SldeofapoL: 

—  aqibcrB 

wboeedlui> 

•ter-L 

Tetrodron. 

liexsdron. 

Octttdron. 

Dodecffidron. 

Icossddron. 

1.782051 
6.000000 
8.464102 
20.645729 
8.660254 

ail7851 
1.000000 
0.471405 
7.668119 
2.181695 

0.117861 
1.000000 
0.471405 
7.668119 
2.181095 

0.816497 
0.577860 
0.707107 
0.525731 
0.856822 

2.44948 
1.00000 
1.22474  !: 
0.66158 
0.44903 

TABLE  X — To  Reduce  Square  Links  to  Acres,  Roods  and  Perches, 


h. 

Sqlliiks^ 

loooob 

Per. 
29 

Sq.  linka 

Per. 
15 

Sq.  links 
9375 

) 

18125 

I 

75000 

28 

17600 

14 

8750 

\ 

50000 

27 

16875 

18 

8126 

' 

25000 

26 

16250 

12 

7600 

24875 

25 

15625 

11 

6876 

23750 

24 

15000 

10 

6260 

23125 

23 

14376 

9 

6625 

22500 

22 

18760 

8 

6000 

21875 

21 

13125 

7 

4375 

21250 

20 

12500 

6 

3750 

20625 

19 

11875 

6 

3126 

20000 

18 

11260 

4 

2500 

19875 

17 

10626 

3 

1875 

18750 

16 

10000 

2 

1250 

Perches 


0.1 

0.2 

0.8 

0.4 

0.6 

^.6 

0.7 

0.8 

0.9 

0.01 

0.02 

0.03 

0.04 


Sq.  links.  Perches.  Sq.  )lnks-^i 


626 
'62.6 
125.0 
187.6 
260.0 
812.6 
875.0 
437.5 
600.0 
662.6 

6.25 
12.60 
18.76 
26.00 


0.06 

31.25 

0.06 

37.50 

0.07 

48.75 

0.08 

60.00 

0.09 

66.25 

0.001 

0.63 

0.002 

1.25 

0.003 

1.88 

0.004 

2.60 

0.005 

8.18 

0.006 

8.76 

0.007 

4.87 

0.008 

6.00 

0.009 

6.63 

impUl.    Rednoe  47682854  linkato 
,  roodB  and  perches. 


47,68286 

r  always  47,60000 

tlacesto  — 

Ight.  18286 

shes        »  18126 


A.  B. 

47, 2  -  21,266 
Answer. 


ch 
rch 


rch 


160 
136 


86, 
81,26 

8,76 
8,76 


ExampU  2.    Bednce  176S  sqaare  links 
to  porohee. 

This  being  less  than  26000,  ahowe  that 
there  are  no  roods  in  the  answer. 


2  perches 

,8peroh 

005 


1768  square  links- 
1260 


608 
-   600 


8 
8,15 


Answer,  2,806  perehes. 


« 

« 

■ 

linki 

TABLE   XI.     Showing  the  Reduction  on  Each  Chain  0/  100  Z 

to  Reduce  Ilt/pothenutal  to  Base  or  Horizontal  Measuremepf*.        ^ 

Angle  of 

Red. 

Angle  of 

Red. 

Angle  of 

Red. 

Angle  of 

Red. 

1 

■         •           •          M 

inellnat'n. 

in  Ik. 

Inclinat'n. 

in  Iks 

iDclinat'n. 

in  Iks. 

Inclinat'n. 

in  Iks. 

■i  li'i  1 

0    /    // 

0     /    // 

Off/ 

Off/ 

• 

a 

.   2  33  40 

010 

19  26  19 

6.70 

'11  30  05 

11.30  33  47  64 

16.90 

7  ^^ 

i   3  27  29 

20 

19  36  34 

80  27  37  30 

40  33  53  04 

n.ool'^  :       1 

:  4  26  20 

8019  46  47 

90 

27  44  50 

50  34  00  14 

K',;  2-3)        5 

6  07  35 

4019  56  55 

6.00 

27  52  20 

60  34  06  26 

20 

s  a     ai 

6  43  55 

50 

20  06  56 

10 

27  h\>  40 

70  34  12  30 

80-^    S         8 

6  16  45 

60 

20  16  54 

20 

28  06  56 

80  34  18  36 

40' 

6  47  00 

70'20  26  4G 

30'28  14  12 

90  34  24  41 

60    II    •»«   H 

7  15  07 

80 

20  36  35 

40 

28  21  27 

12.00  34  30  46 

7  30  33 

90 

20  46  19 

50!28  28  41 

10  34  36  50 

70;  ^^^^t 

8  06  34 

1.00 

20  55  58 

60 

28  35  52 

20  34  42  53 

80, 

•5  SS  S  J 

ii   II  II     :a 

8  80  23 

10 

21  05  33 

70 

28  48  02 

30  34  48  54 

90 

8  53  07 

20 

21  15  04 

80|28  50  11 

40  34  54  55 

18.00 

9  14  55 

30 

21  24  82 

90  28  57  18 

60  35  00  55 

10 

•2    S5        fl 

9  36  55 

40  21  33  54 

7.00 

29  04  23 

60  35  06  54 

20 

9  56  11 

50  21  43  14 

10 

29  11  27 

70  35  12  52 

30;  1  11    S 

40; -2  ^^     « 

10  35  47 

60  21  62  80 

20'29  18  29 

80  35  18  49 

10  84  48 

70 

22  01  41 

30I29  25  30 

90  35  24  45 

60,!  -  ^^ 

•g 

10  53  16 

80  22  10  50 

40'29  32  29 

18.00  35  30  4*1 

11  11  12 

90 

22  19  54 

60 

29  39  27 

10  35  36  36 

7or  s  e  s  a  "2 

•         1  -^      COC5    OO      08 

1128  42 

2.00 

22  28  55 

60 

29  46  20 

20  35  42  80 

80    2   -- 

'   0     •O'O 

0 

.1146  46 

10 

22  87  63 

70 

29  53  18 

80  35  48  22 

90  2  «S 

t 

112  02  26 

20'22  46  47 

80'30  30  10 

40  35  54  15 

19.00.!  i    «         g- 

,12  18  44 

30 

22  65  38 

90.30  07  02 

50  36  00  06 

10; 

§   "Sell       0 

'12  84  41 

40 

53  04  26 

8.00  80  13  52 

60  36  05  56 

20 1  g   S  J!      ° 

12  60  20 

60 

23  13  12 

10 

30  20  42 

7046  11  46 

Il3  05  38 

60  23  21  52 

20 

30  27  29 

80  36  17  36 

50, -S-  «g      ^ 
60  1  «-Sb     J 

13  20  00 

70123  30  31 

80  30  34  16 

90  36  28  23 

18  35  37 

80 

23  39  07 

40;30  41  00 

14.00  36  29  10 

il3  49  56 

90 

28  47  40 

60'30  47  44 

10  36  34  57 

70l  a    §1       ^ 

1     ai        ¥  I-'               (0 

14  08  12 

1 

3.00 

23  65  59 

60 

30  54  26 

20  36  40  43 

1 

80 

.2:  ^  c«     •? 

,14  18  13 

10 

24  04  36 

70310107 

30'36  46  27 

ool  .  11    S  . 

20.00, s  y  »•! 

14  32  02 

20 

24  13  00 

80  31  07  47 

40  36  52  12 

14  45  37 

8(»24  21  22 

9(i|31  14  25 

50  36  57  55 

i^.'s-ii    i^ 

14  59  01 

4o|24  29  40 

9.00  31  21  OJ 

60  37  03  37 

15  12  14 

CO'24  37  10 

10:31  27  38 

70  37  09  20 

80 

,15  25  14 

0o;24  46  10 

20  31  34  12 

80  37  15  01 

4(1 

es  si                 , 

16  38  05 

70  24  54  20 

30  31  40  4«i 

90  37  20  41 

60 

15  50  45 

80|25  02  30 

40  31  47  18 

15.00  37  26  21 

6^'  d  n  /s  s 

16  03  05 

90  25  10  40 

50  31  53  49 

10  37  82  00 

70  5  «  «S      > 

16  16  06  4.00J25  18  40 

60 

32  00  19 

20  37  37  38 

16  27  48 

10 

25  26  40 

70  32  06  47 

8037  43  15 

60i.slsi,i 

j  16  39  52 

20 

25  34  40 

80 

32  18  15 

40,37  -48  52 

21.00  ii«f  5* 

16  61  48 

80  25  42  40 

90 

32  19  41 

50  37  54  28 

10  i|||g 

17  03  35 

40  25  50  30 

10.00  32  26  06 

60  38  00  04 

20  s-g^U 

117  16  14 

50  25  58  20 

10  32  82  8(; 

70  38  05  38 

30   £■§&•§- 

17  26  45 

60  26  06  10 

2032  38  53 

8038  11  12 

4(1 

17  86  10 

70  26  14  00 

80,32  45  15 

90  38  16  46 

60 

1 

2  §  «  •'*  fc 

17  49  27 

80 

26  21  50 

40  32  51  36 

16.0038  22  18 

60I  U  s  1  -  .^ 

18  00  88 

90  26  29  30 

50132  57  55 

10  38  27  60 

70:  §  8  «  =  3 

'18  1142  5.00;26  87  10 

1                        1 

60  33  04  14 

2038  88  21 

80   2  g  5  «  ^ 
H  .2  -o  JS  0  ^ 

18  22  39 

10'26  44  50 

70 

33  10  81 

80  38  38  52 

"^   "T  «  «  §  ""  « 

18  83  80 

20 

26  62  30 

80 

33  16  47 

40  38  44  22 

22.00  x5  2r  S- 

20  ^a  §  -3  0  - 1 

!l8  44  18 

80 

27  00  00 

90'83  23  08 

60;38  49  51 

18  64  55 

40:27  07  40 

11.00 

33  29  17 

6038  55  20 

19  06  27 

60 

17  16  10 

10 

33  86  82 

70,39  00  48 

80 

i  *»  « *3  • 

19  16  66 

60 

27  22  40 

20 

33  41  48 

80;39  06  15 

40 

^^ 

ts  « 

■*i 
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TABLE  Xll.'-To  Reduce 

Sidereal  Time  to  Mean 

Solar  Time. 


I 


St'contls. 


il 


m. 
1 
2 
8 

4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
U 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 
32 
33 
84 
36 
80 
37 
38 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
41> 
50 
51 
52 
63 
54 
55 


.  1 . 


56 
57 
58 
5t» 


Ul.         I*. 

0  59.84 

1  59.67 

2  59  61 

3  69.35 

4  59.18 

5  59.02 

6  58.85 

7  58.69 

8  58.53 

9  58.36 

10  58.20 

11  5vH.03 

12  57.87 

13  57.71 

14  57.54 

15  57.38 

16  57.22 

17  67.05 

18  56.89 

19  56.72 

20  56.56 

21  56.40 

22  56.23 

23  56.07 

24  55  90 

25  55.74 

26  55.58 

27  55.41 

28  55.25 

29  55.09 

30  54.92 
01  54.76 

32  54.59 

33  54.43 

34  54.26 
36  54.10 

36  53.94 

37  53.78 

38  53.61 

39  53.44 

40  53.28 

41  53.12 

42  52  96 

43  52.79 

44  52.63 

45  55.46 

46  52  30 

47  52.14 

48  51.97 

49  51.81 

50  51.65 

51  51.48 

52  51.32 

53  51.15 
5150.99 

55  50.83 

56  50.06 

57  50.41 

58  50  33 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 
82 
33 
84 
85 
86 
87 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
61 
52 
63 
54 
65 
66 
67 
58 
59 


Minttt4»i. 
t.   Mnnn  titn'*.  JHiJ.  t.  tnyan  t.' 

0.997 
1.995 
2.992 
8  98'« 
4.986 
5.984 
6.98 
7.98 
8.98 
9.97 
10.97 
11.97 
12.97 
13.96 
14.96 
15.96 
16.95 
17.95 
18.95 
19.96 
20.94 
21.94 
22.94 
23.93 
24.93 
25.93 
26.93 
27.92 
28.92 

30.92 
31.91 
32.91 
33.91 
34.90 
35.90 
36.90 
37.90 
38.89 
39.89 
40.89 
41.89 
42.88 
43.88 
44  88 
45.87 
46.87 
37.87 
48.87 
49.86 
50.86 
161.86 
'52.86 
;5;).85 
154.85 
55.85 
56.84 
58.84 
58.84 


TABLE  XIIL— 7b  Reduce  Mean  Solar     j 
Time  to  Sidereal  Time.  | 


hours  I 

menn 

time 


Hours  of 
i!-id'rt>al  time. 


I  Min. ' 
time. 


1 

2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
18 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 


h. 

I 
o 

M 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

J9 

20 

21 
oo 

23 
24 


ni. 
{) 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 
1 

2 

2 

2 

2 

2 

2 

8 

3. 

3 

8 

8 

3 


9.86 
19.71 
29.57 
39.43 
49.28 
59.14 

9.00 
18.85 
28.71 
38.56 
48.42 
68.28 

8.13 
17.99 
87.85 
37.70 
47.56 
67.42 

7.27 
17.13 
26.99 

8.84 


o 


46  70 
56.56 


TABLE  Xn. 

Cbutinued. 


hours 

ofivid. 

time. 


Hours  of 
meiui  time. 


h. 
1 
2 
8 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 


h.  m. 

0  69 

1  69 

2  59 

3  59 

4  59 

5  59 

6  58 

7  58 

8  58 

9  58 

10  58 

11  58 

12  57 

13  57 

14  57 

15  57 

16  57 

17  57 

18  56 

19  56 

20  56 

21  56 

22  56 

23  56 


60,17 
40.34 
30.51 
20.68 
10.85 

1.02 
51.19 
41. 3(); 
31.53' 
21.70 
11.88 

2.05 
62.22 
42.39 
32.56 
22.73 
12.90 

3.07 
53.24 
43.41 
33.58 
23.75 
13.92 

4.09 


1 
2 
8 
4 
6 
6 


/ 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
31 
32 
33 
84 
86 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
53 
54 
65 
66 
67 
58 
59 


eq'iTal'utsi 

in  sider«a] . 

timo. 


m.  B. 

1  0.16 

2  0.33 
8  0.49 

4  0.66 

5  (1.82 

6  0.99 

7  1.15 

8  1.31 

9  1.48 

10  1.64 

11  1.81 

12  1.97 

13  2.14 

14  2.30 

15  2.46 

16  2.63 

17  2.79 

18  2.96 

19  3.12 

20  8.29 

21  8.45 

22  8.61 

23  3.78 

24  8.94 

25  4.11 

26  4.27 

27  4.44 

28  4  60 

29  4.76 

30  4.93 
81  6.09 

32  6.26 

33  6.42 

34  6.69 

35  6.76 

36  5.91 

37  6.08 

38  6.24 

39  6.41 

40  6.67 

41  6.74 

42  6.90 

43  7.06 

44  7.28 

45  7.39 

46  7.66 

47  7.72 

48  7.89 

49  8.05 

60  8.21 

61  8.38 

52  8.64 

53  8.71 

54  8.87 
oo  9.04 

56  9.20 

57  9.36 

68  9.53 

69  9.69 


S«e. 

mean 

time. 

«. 

1 

l.OO 

2 

2.01 

3 

3.01 

4 

4.01 

6 

6.01 

6 

6.02 

7 

7.02 

8 

8.02 

9 

9.02 

10 

10.03 

11 

11.03 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
80 
81 
82 
88 
34 
36 
36 
87 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
61 
52 
53 
54 
56 
66 
67 
58 
69 


12.03 
13.04 
14.04 
15.04 
16.04 
17.05 
18.05 
19.05 
20.05 
21.06 
22.06 
23.06 
24.07 
25.07 
26.07 
27.07 
28.08 
29.08 
30.08 
31.08 
32.09 
33  09 
84.09 
35.10 
36.10 
37.10 
38.10 
39.11 
40.11 
41.11 
42.12 
43.12 
44.12 
45.12 
46.13 
47.13 
48.13 
49.18 
50.14 
51.14 
62.14 
58.15 
54.15 
55.15 
66.15 
57.16 
58.16 
69.16 


Tlie  fructionfl  of  secundM  agree  to  two  i)]ace.s  of  decimalB  for  mean  and  sidereal.    J 

__     ...     _  .  _^^^_. 
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TAB 
Side 

;LE  XIV.— 3 

real  Time  to  Ln 

or  Degrees. 

T?  Reduce 
ongitude 

TABLE  XV. 

7b  Reduc-f.  Longir 

tilde  or  Dfffrets 

to  Sid.  Time. 

TABLE  XVI. 

S?u>unng  the  Dip  or  Deprensifm 
of  the  Horuorit  and  Vie  Dis- 
tance at  Sea  in  MUes^  C<frre^ 
ponding  to  ffCven  Heights. 

Arc. 
Deg. 
Min. 
Sec. 

1 

Time. 
Ilr.  Min. 

Min.  Sec. 
?!,«•.    Th. 

Honn. 

Degrees. 

Time. 
MIn. 

Arc. 
Dog.    Mln 
Min.     Sec 

Height 
in  feet. 

Dip  in  arc. 

Di.st.  soon 

at  sua 
in  miles. 

1.32      1 

1 

16 

1 

U    15 

U     4 

1 

0  68 

2 

80 

2 

0  3() 

2 

0     8 

2 

1   22 

1.87     ; 

8 

45 

3 

0  45 

8 

0  12 

3 

1   40 

2.29 

4 

60 

4 

1  00 

4 

0  16 

4 

1   55 

2.65 

6 

75 

6 

1   15 

6 

0  20 

6 

2  09 

2.96 

6 

90 

6 

1   80 

6 

0  24 

6 

2  22 

3.24     ' 

7 

106 

7 

1   46 

7 

0  28 

7 

2  33 

8.50     ! 

8 

120 

8 

2  00 

8 

0  32 

8 

2  44 

3.74     1 

9 

185 

9 

2   15 

9 

0  86 

9 

2  64 

3.97 

10 

160 

10 

2  30 

10 

0  40 

.    10 

3  03 

4.18 

11 

165 

11 

2  45 

11 

0  44 

11 

3   12 

4.89     1 

12 

180 

12 

3  00 

12 

0  48 

12 

3  21 

4.58     ' 

18 

195 

13 

8  15 

13 

0  62 

13 

3  29 

4.77 

14 

210 

14 

3  30 

14 

0  6« 

14 

8  37 

4.96     i 

16 

225 

15 

8  46 

15 

1   00 

15 

3  46 

6.12 

16 

240 

16 

4  00 

16 

1  04 

16 

3  53 

6.29 

17 

265 

17 

'4  15 

17 

1   08 

17 

4  01 

5.46 

18 

270 

18 

4  30 

13 

1   12 

18 

4  08 

6.61 

19 

286 

19 

4  46 

19 

1   16 

19 

4  15 

5.77 

20 

800 

20 

6  00 

20 

1  20 

20 

4  22 

6.92 

21 

816 

21 

5  15 

21 

1  24 

21 

4  28 

6.06 

22 

830 

22 

6  80 

22 

1  28 

22 

4  84 

6.21 

23 

846 

23 

5  46 

23 

1   82 

23 

4  40 

6.34 

24 

860 

24 

6  00  . 

24 

1  86 

24 

4  46 

6.48 

25 

6  15 

25 

1  40 

25 

4  62 

6.61 

26 

6  30 

26 

1  44 

26 

4  68 

6.76 

27 

6  45 

27 

1  48 

28 

6  10 

7.00 

28 

7  00 

28 

1  62 

80 

5  21 

7.25 

29 

7  15 

29 

1   66 

82 

6  81 

7.48 

30 

7  80 

80 

2  00 

84 

6  40 

7.71 

31 

7  45 

81 

2  04 

86 

5  60 

7.94 

32 

8  00 

82 

2  08 

88 

6  00 

8.16 

83 

8  15 

83 

2  12 

40 

6  10 

8.37 

84 

8  30 

34 

2  16 

42 

6  19 

8.67 

35 

8  46 

36 

2  20 

44 

6  28 

8.78 

86 

9  00 

36 

2  24 

46 

6  87 

8.97 

37 

9  16 

87 

2  28 

48 

6  46 

9.17 

88 

9  80 

38 

2  82 

60 

6  68 

9.85 

89 

9  45 

39 

2  36 

66 

7  11 

9.81 

40 

10  00 

40 

2  40 

60 

7  29 

10.25 

41 

10  15 

41 

2  44 

66 

7  47 

10.67 

42 

10  80 

42 

2  48 

70 

8  06 

11.07 

48 

10  45 

43 

2  52 

75 

8  28 

11.46 

44 

11  00 

44 

2  66 

80 

8  44 

11.88 

, 

45 

11   16 

46 

3  00 

•85 

8  67 

12.20 

46 

11  30 

46 

3  04 

90 

9  14 

12.55 

47 

11  45 

47 

3  08 

96 

9  80 

12.89 

88 

12  00 

48 

3   12 

100 

9  46 

13.23     ' 

49 

12  16 

49 

3   16 

105 

10  01 

13.56     , 

60 

12  30 

60 

3  20 

110 

10  16 

13.88     , 

61 

12  45 

21 

3  24 

116 

10  30 

14.19    ; 

62 

13  00 

52 

3  28 

120 

10  43 

14.49 

63 

13  15 

53 

3  82 

126 

10  66 

14.79 

64 

13  30 

64 

3  86 

130 

11  09 

16.08 

65 

13  46 

56 

2  40 

135 

11  22 

15.37 

56 

14  00 

66 

3  44 

140 

11   86 

15.65 

57 

14  15 

57 

8  48 

146 

11  47 

16.93 

68 

14  80 

58 

8  62 

150 

11  69 

16.20 

59 

14  45 

69 

8  66 

165 

12  11 

16.46 

00    1 

15  00 

60 

4  00 

160 

12  28 

16.73 
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TABLE  XVIL— Corrrcfton  of  the  AppaTeal  AIlUudi/oT  Refnutia. 


4  no  11  J7' 

80  10  4i: 

40 1       UK 

60  11 

6  00  I  9  54    ■ 


201 


8M 


12  00  4  28'6.9i,i0  00  2 


B  C.^  '22  0"     24  s.; 


ii  m\    3 

,41  Oil        0 

115  0<iO  oS 
M6  00'     6fi 


<)i 


mill 


30  3  60  a.; 

40!     51'   G.I 

m\    63  tj.i 

4  00|     60   f).{ 


1^7 

10.4  ! 

IO.il 

13 

10.11 1 

0 

;,;;] 

41 

9.4  1 

4M 

9.1  1 

m 

r 

rt,-, 

t.:i 

yo 

ir> 

K3 

10 

81 

fi 

8.0 
6.0 

6.; 

7.S 

7.7 

44 

7.6 

40 

7.4 

7.3 

7.1 

20 

21 :  3,7 

'47  00 

54 

40 

19l3.5!'48  00 

53 

.23  (K 

17.3,.'i  lis  ft 

61 

1      20 

15,  3.5, '.iO  001    43 

40 

13  S.5'.>1  OOi    47 

,24  0( 

ir3.3   .".2  00 

4>5 

20 

09  3.3  ,63  00 

44 

1      40 

07  3.3   .)4  00 

42|1.«  , 

;->.j  00 

05  :i.3l->.5  00 

41 '  1.0  1 

20 

Oa,  2.2|'.iH  00 

sn   1.0 

1      40 

01   3.1    .i?  00 

38,0.9 

,26  00 

1  69' 3.1  1,58  00 

36     .9  ' 

20 

r,k  .3.0'-.-.9  00 

35 1   .9  ' 

1      40 

562.«l,;o  Ot 

34 1   .8 

,27  90 

64  2.9!:.n  0.J 

32    .8  ; 

20 

63  2.9, '112  0( 

31 1   .8 

1      40 

61  2.!t',i;a  00 

30     .8 

49  2,9  1  114  0( 

«-r'  ■ 

20 

4S  2.8':i;5  00 

1      40 

40' 2.7 

ti6  00 

26 '   's 

29  00 

45  2.7 

1.7  00 

25:   .fl  II 

30 

44  2.7 

(ifi  00 

24 

.6 

40 

42  2.7 

r,9  00 

22 

.5I 

WOO 

4112.7 

70  00 

21 

.6 

20 

39,  2.6 

7100 

20 

.6  1 

40 

88!  2.6 

72  00 

19 

.4 

31  00 

37,  2.5 

73  00 

18 '  .4  :i 

20 

35  2.5 

74  00 

17  I    .4  ' 

40 

34  2.4 

75  00 

16  j  .4 ; 

32  00 

33  2.3 

76  00 

15 1    .4  11 

20 

32  2.3 

77  00 

13      .3  1 

40 

3112.2 

78  00 

12 !  .s ; 

;i3  00 

80  2.2 

79  00 

11  1    .8  : 

28:  2.2 

SO  00 

10 

.3  1 

40 

271  2.1 

91  00 

82  00 

9 

■2 

34  00 

2tj;  2.1 

8 

.2il 

35  00 

23I2.I 

S3  00 

T 

■'    i 

36  00 

SOj  2.1 

84  00 

6 

-1 

17  00 

17  2.0 

86  00 

4 

■« 

18  00 

isl  1.9 

88  00 

2 

.0!! 

■!9  00 

iall.8il90  00 

0 

.0 

in  rerrnrtlun  rorippsni 


slaiidard  IsbulU'  belgbt  for  n 

i!!  II1P  corrmlion  for  every  unit  lint  Oie  htbDUrtwiaU  \ 
.t*iiclard  lii^iKlil  iK).  BramfU.  Lvi  ihc  ippannt  sitl- 
T  -23^  liicli(«;  llK  (licRiiouieter  ia»itbov(  nro.  Ucn 
I  of  IS  -  W.r.  —  IG  =  28,  wliicli  i»  a  unit)  greMcr  tbu  2E. 


TABLE  XVIII. 

Sun's  Parallax  in 
Ahilude. 


Sun's  alt. 
In  decrees. 


Parallax 
in  seconds. 


0 
10 
20 
30 
40 
50 
55 
60 
65 
70 
75 
80 
85 
90 


9 
9 
8 
8 
7 
6 
5 
4 
4 
8 
2 
2 
1 
0 


Pamllaz  is  to  be 
added  to  apparent 
altitude,  or  it  may 
be  added  after  the 
corrections,  for  dip 
and  refraction  are 
taken  from  the  ap. 
alt,  or  it  may  be 
taken  from  the  sum 
of  the  dip  and  ref, 
and  the  difference 
taken  from  ap.  alt. 


TABLE  JilX.— Parallax  in  Altitude  of  the  Planets. 


Planete 

i'  Horizontal  Parall 

KX. 

(From 

NatU.  Jim.) 

Ap. 
Alt. 

I" 

3" 

5" 

7' 

9" 

11" 

13" 

16" 

17" 

1 

19" 

21" 

23" 

2J" 

27" 

29" 

3J" 

o 

10 

8 

0 

1 

0 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

:^0 

15 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23  |25 

2G 

28 

29 

20 

3 

5 

7 

'.1 

10 

12 

14 

16 

18 

20 

22 

24 

25 

27 

28 

25 

3 

ol6 

S 

10 

12 

14 

15 

17 

19 

21 

23 

24 

2G 

27 

30 

3 

4 

G 

8 

10 

11 

13 

15 

IG 

18 

20 

22 

23 

25 

20 

33 

2 

4 

G 

S 

9 

11 

13 

14 

16 

18 

19 

21 

23 

24 

25 

36 

2 

4;o 

7 

9 

11 

12 

U 

lo 

17 

19 

20 

22 

23 

25 

39 

i\o 

7 

9 

10 

12 

13 

15 

10 

18 

19 

21 

23 

24 

42 

am 

4lo 

7 

8 

10 

11 

13 

14 

16 

17 

19 

20 

23 

45 

0 

\ 

5 

>J 

8 

9 

11 

12 

13 

15 

16 

18 

19 

21 

21 

48 

2 

3 

5 

i 

7 

9 

10 

11 

13 

14 

15 

17 

18 

19 

20 

51 

34 

6 

7 

8 

9 

11 

12 

13 

14 

16 

17 

18 

19 

54  1 

2 

3 

3 

•3 

6 

8 

9 

10 

11 

12 

14 

15 

16 

17 

18 

57 

1 

2 

3 

3 

0 

6 

8 

9 

1(» 

11 

12 

14 

15 

16 

17 

60  0 

2 

3  3 

0 

6 

7 

8 

9 

10|11 

12 

13 

14 

15 

15 

6210 

1 

2  3 

4 

5 

6 

7 

8 

10 

10 

11 

12 

13 

14 

14 

64 'd 

1 

2  3 

4 

5 

6 

7 

8 

9 

10 

10 

11 

12 

13 

13 

66  0 

1 

2j3 

t 

4 

5 

6 

7 

8 

0 

9 

10 

11 

12 

12 

68  0 

I 

2  3 

3 

4 

5 

5 

6 

7 

8 

9 

9 

10 

11 

11 

70  !o 

1 

2  2 

3 

4 

5 

5 

6 

7 

7 

8 

9 

0 

10 

10 

7.2  0 

I 

2  2 

8 

4 

5 

5 

6 

() 

7 

8 

8 

9 

9 

74  0 

1 

1  2 

2 

3 

3 

4 

4 

5 

5 

6  6 

7 

7 

7 

76  0 

1 

1,2 

•> 

3 

3 

4 

4 

4 

4 

5  j  5 

6 

6 

6 

78 

0 

I 

1 

1 

1 

2 

3 

3 

3 

3 

o 

4!  4 

4 

5 

5 

81 

0 

0 

1 

1 

I 

2 

2 

2 

2 

0 

o 

.> 

«rf 

3 

3 

3 

3 

84 

0 

0 

1 

1 

1 

1 

1 

2 

2 

2 

2 

•> 

3 

3 

3 

3 

87 

0 

0 

0  0 

!) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

90 

0 

0 

a 

0 

) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TABLE  XX. — Reduction  of  the  Time  of  the  Moon's  Passage  over  the  Merid- 
ian at  Greenwich  to  that  over  any  other  Meridian. 
Daily  Tariation  op  tbk  Moon's  Meridian  Paesaqb. 


Long, 

in 

deg. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 


40^ 

43f 

44' 

46' 

48' 

60' 

62' 

64' 

60' 

68' 

ec 

62' 

64' 

66' 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

3 

3 

4 

4 

4 

4 

4 

4 

4 

5 

5 

6 

,5 

5 

4 

4 

5 

5 

5 

5 

6 

6 

6 

6 

6 

7 

7 

7 

6 

6 

6 

6 

6 

7 

7 

7 

t 

8 

8 

8 

9 

9 

6 

7 

7 

8 

8 

8 

9 

9 

9 

10 

10 

10 

11 

11 

8 

8 

9 

9 

9 

10 

10 

10 

11 

11 

12 

12 

12 

13 

9 

9 

10 

10 

11 

11 

12 

12 

12 

13 

13 

14 

14 

15 

10 

10 

11 

11 

12 

12 

13 

13 

14 

14 

15 

15 

16 

16 

11 

12 

12 

13 

13 

14 

14 

16 

16 

16 

17 

17 

18 

18 

12 

13 

13 

14 

15 

15 

16 

16 

17 

18 

18 

19 

20 

20 

13 

14 

16 

15 

16 

17 

17 

18 

19 

19 

20 

21 

21 

22 

14 

15 

16 

17 

17 

18 

19 

19 

20 

21 

22 

22 

23 

24 

16 

16 

17 

18 

19 

19 

20 

21 

22 

23 

23 

24 

25 

26 

17 

17 

18 

19 

20 

21 

22 

22 

23 

24 

25 

26 

27 

27 

18 

19 

20 

20 

21 

22 

23 

24 

25 

26 

27 

28 

28 

29 

19 

20 

21 

22 

23 

24 

25 

25 

26 

27 

28 

29 

30 

31 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Note.  '  In  this  table,  longitude  means  the  moon's  longitude,  or  time 
in  arc,  from  her  meridian  passage.  The  corrections  are  in  minutes  of 
a  degree. 
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TABLE  XXI.— Best  Time  for  Obtaining  Apparent  Time, 

Declination  of  the  same  name  with  the  Latitude.         [ 

2^ 

40 
h.  m. 

t)0 

b.  m. 

8° 
h.  m. 

10° 
h.  m. 

12° 
h.  m 

140 

b.  m. 

18° 
b.  m. 

200 
h.  m 

220  1  240 
h.  m.  h.  m.  ; 

m. 

b.  m. 

0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0:6  0  i 

0 

5  2 

5  22 

5  81 

5  87 

5  41 

6  44 

6  46 

5  48 

5  49 

5  505  61 

0 

4  0 

4  42 

5  2 

5  14 

6  22 

5  28 

5  32 

5  35 

5  38 

5  405  42 

18 

2  46 

4  0 

4  32 

4  61 

5  3 

6  11 

5  18  5  23 

6  27 

5  305  83  I 

0 

0  0 

3  13 

4  1 

4  27 

4  43 

4  55 

5  4  5  10 

5  16 

5  20 

5  24 

20 

2  28 

2  15 

3  26 

4  1 

4  23 

4  38 

4  49 

4  58 

5  4 

5  10 

5  15 

42 

3  13 

0  0 

2  46 

8  34 

4  1 

4  20 

4  84 

4  45 

4  53 

5  0 

5  5 

54 

3  41 

2  5 

1  56 

8  8 

3  39 

4  2 

4  19 

4  81 

4  41 

4  49 

4  56 

2 

4  1 

2  46 

0  0 

2  29 

3  14 

3  43 

4  3 

4  17 

4  29 

4  394  46 

9 

4  16 
4  27 

3  14 
3  84 

1  60 

1  44 
0  0 

2  47 
2  16 

3  22 
3  0 

8  46 
3  28 

4  8 
3  49 

4  17 
4  4 

4  284  87 
4  164  27  ! 

14 

2  29 

1<.> 

4  36 

3  49 

2  56 

1  40 

1  35  2  85 

3  9 

8  33 

3  51 

4  6 

4  16  i 

4  48 

4  1 

8  14 

2  16 

0  0  2  6 

2  49 

3  17 

3  37 

3  53 

4  6  1 

25 

4  49 

4  12 

8  80 

2  41 

1  32  1  29 

2  26  2  69 

3  28 

3  41 

3  66  i 

28 

4  65 

4  20 

3  43 

8  0 

2  6 

0  0 

1  68 

2  40 

3  7 

3  283  44  ii 

80 

4  69 

4  28 

3  63 

3  15 

2  30 

1  26 

1  23 

2  18 

2  50 

3  143  32  1 

82 

5  4 

4  34 

4  8 

3  28 

2  49 

1  58 

0  0 

1  52 

2  82 

2  693  20 

3416  7 

4  40 

4  11 

8  39 

3  4 

2  21 

1  21 

1  19 

2  11 

2  43  3  7 

35 

6  10 

4  46 

4  17 

3  49 

8  17 

2  40 

1  62 

0  0 

1  47 

2  262  68 

37 

5  18 
5  16 

4  49 
4  63 

4  24 

3  57 

4  4 

3  28 
8  87 

2  64 

3  7 

2  14 

1  17 

1  16 
0  0 

2  6 
1  43 

2  87  1 

38 

4  29 

2  32 

1  47 

2  21 

89 

5  18 

4  56 

4  84 

4  11 

3  46 

8  18 

2  47 

2  9 

1  14 

I  13 

2  2  i 

40 

5  20 

5  0 

4  89 

4  16 

3  53 

8  28 

2  69 

2  26 

1  43 

0  0 1  39  ! 

41 

6  22 

5  8 

4  48 

A     *'>0 

4  0 

3  36 

8  10 

2  40 

2  4 

1  11 

1  10  ■ 

42 

5  24 

5  5 

4  46 

4  27 

4  6 

3  44 

3  20 

2  63 

2  21 

1  39 

0  0; 

43 

5  26 

6  8 

4  60 

4  81 

4  12 

8  61 

3  28 

8  8 

2  35 

2  0 

1  9' 

44 

5  27 

6  10 

4  58 

4  85 

4  17 

8  67 

8  36 

8  13 

2  47 

2  16 

1  36  ,| 

44 

6  28 

5  12 

4  66 

4  39 

4  21 

4  8 

3  43 

3  22 

3  0 

2  30 

1  66  f 

45 

6  30 

6  14 

4  69 

4  48 

4  26 

4  8 

3  49 

3  29 

3  8 

2  42,2  13  i 

46 

5  81 
5  82 

6  16 

5  1 

4  46 

4  30 
4  84 

4  13 
4  18 

3  56 

3  86 

3  16 
3  24 

2  63:2  26 

46 

5  18 

5  4 

4  49 

4  1 

3  43 

3  2 

2  38 

47 

5  83 

6  20 

5  6 

4  52 

4  87 

4  22 

4  6 

3  49 

3  31 

3  11 

2  49 

47 

5  84 

5  21 

5  8 

4  54 

4  40 

4  26 

4  11 

3  55 

3  88 

3  19 

2  58  ' 

48 

6  85 

6  28 

5  10 

4  57 

4  44 

4  80 

4  16 

4  0 

3  44 

3  2618  7  • 

48 

6  86 

5  24 

5  12 

4  59 

4  47 

4  88 

4  19 

4  5 

3  49 

3  33;3  15  ' 

49 

5  87 

6  25 

5  14 

5  2 

4  49 

4  37 

4  23 

4  9 

4  65 

3  39i8  22 

49 

6  88 

6  27 

6  15 

5  4 

4  62 

4  40 

4  27 

4  14 

4  0 

3  45 

3  29 

49 

6  39 

6  28 

5  17 

5  6 

4  54 

4  48 

4  81 

4  18 

4  4 

3  50 

3  85 

50 

2  39 

5  29 

5  19 

5  8 

4  57 

4  46 

4  84 

4  22 

4  9 

3  55I8  41 

60 

5  40 

6  80 

5  20 

6  10 
5  11 

4  69 
6  1 

4  48 
4  61 

4  87 
4  40 

4  25 
4  29 

4  13 
4  17 

4  0|3  47 

60 

5  41 

6  81 

6  21 

4  6 

2  62 

51 

5  42 

5  82 

5  23 

5  IS 

5  8 

4  54 

4  48 

4  82 

4  21 

4  9 

2  67 

51 

5  42 

5  88 

5  24 

6  15 

5  5 

4  66 

4  46 

4  85 

4  25 

4  13 

4  1 

51 

5  43 

5  84 

5  25 

5  16 

5  7 

4  68 

4  48 

4  88 

4  28 

4  17 

4  6 

52 

5  43 

5  86 

6  27 

6  18 

5  9 

6  0 

4  51 

4  4i 

4  81 

4  21 

4  10 

52 

5  44 

6  86 

5  28 

5  19 

5  11 

6  2 

4  53 

4  44 

4  85 

4  254  14* 

62 

6  46 

5  37 

6  29 

5  21 

5  18 

5  4 

4  66 

4  47 

4  88 

4  284  18 

63 

6  45 

6  38 

6  80 

5  22 

6  14 

5  6 

4  58 

4  4y 

4  41 

4  31 

4  22  1 

63 

5  46 

5  38 

5  81 

6  23 

6  16 

5  8 

5  0 

4  52 

4  43 

4  35 

4  25 

53 

5  46 
5  47 

6  39 
5  40 

6  82 
6  33 

6  25 
5  26 

5  17 

6  19 

6  10 

5  2 
5  4 

4  64 
4  57 

4  46 
4  49 

4  38 
4  41 

4  29 
4  32 

63 

6  12 

54 

5  47 

6  41 

5  85 

6  28 

5  22 

5  16 

5  8 

5  1 

4  64 

4  4('> 

4  89  ' 

64 

5  48 

6  42 

6  87 

5  81 

6  24 

5  18 

5  12 

6  6 

4  59 

4  52 

4  45 

55 

5  49 

6  44 

6  88 

6  83 

5  27 

5  21 

5  15 

6  9 

6  3 

4  57 

4  60 

65 

5  50 

6  45 

5  40 

5  85 

6  29 

6  24 

6  19 

5  18 

5  7 

5  2 

4  65 

66 

6  51 

5  46 

5  41 

6  37 

6  82 

6  27 

6  22 

5  17 

6  11 

5  6 

5  0 

56 

6  51 

6  47 

6  43 

5  88 

6  84 

6  30 

6  26 

5  20 

5  15 

5  10 

5  5; 

66 

5  52 

6  48 

6  44 

5  40 

5  36 

6  32 

6  28 

6  24 

5  19 

5  16 

5  10 

56 

6  63 

6  49 

5  46 

5  42 

6  38 

6  85 

5  81 

6  27 

6  23 

5  19 

5  14 

67 

6  64 

6  60 

6  47 

5  44 

5  40 

5  87 

6  38 

5  80 

5  20 

5  22 

5  19 

67 

5  64 

5  61 

6  48 

5  45 

5  42 

5  89 

5  86  5  33 

5  30 

5  26 

5  28 
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TABLE  ^XIL— Best  Altitudes  for  Obtaining  Apparent  Time, 

Lat. 

—  6 

Declination  of  the  same  name  with  the  Latitude. 

2o 

4° 
d  / 

6° 

8° 

6    t 

10° 
o  / 

lr;0 

\A9 

6    , 

16° 
o  / 

18° 

0  t 

20° 
6    /  ■ 

220 
0  / 

240 

o  / 

o  / 

6  f 

6  / 

0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0-0 

0  0 

0  0 

0  0 

0  0 

1 

30  0 

14  29 

9  37 

712 

6  46 

4  49 

4  8 

8  88 

814 

2  55 

2  40 

2  28 

2 

00  0 

30  1 

19  30 

14  31 

1186 

9  40 

818 

716 

6  29 

6  61 

6  21 

4  65 

8 

4140 

48  37 

30  3 

22  5 

17  32 

14  35 

12  30 

10  57 

9  45 

8  48 

8  2 

7  24 

4 

30  1 

90  0 

4152 

30  5 

23  41 

19  36 

16  45 

1440 

18  8 

1146 

10  44 

9  63 

6 

23  3G 

53  10 

56  30 

38  46 

30  8 

24  47 

21  7 

18  26 

16  23 

14  46 

18  27 

12  22 

6 

19  30 

41  52 

90  0 

48  41 

37  1 

3011 

25  36 

2217 

19  46 

17  48 

1612 

14  63 

7 

16  38 

34  65  59  4 

61  7 

44  34 

35  58 

3015 

2614 

2814 

20  52 

18  59 

17  26 

8 

14  31 

:J0  5 

48  41 

90  0 

53  16 

42  1 

35  7 

30  20 

26  46 

24  1 

2149 

20  1 

9 
10 

12  5:i 
1130 

26  29 
23  41 

4150 
37  1 

62  60 
5316 

6416 
90  0 

48  48 
56  38 

4017 
45  62 

34  35 

39  8 

30  25 
3411 

2713 
3081 

24  41 
27  87 

22  37 

2616 

11 

10  32 

2127 

33  13 

46  50 

66  31 

66  36 

52  4 

43  48 

38  8 

33  55 

30  87 

27  69 

12 

,  9  4U 

19  80 

3011 

42  1 

56  38 

90  0 

5916 

48  58 

4217 

37  26j33  48 

30  45 

18 

8  50 

18  4 

27  41 

3813 

50  32 

67  83 

68  25 

54  42 

46  43 

41  8i36  64 

33  85 

14 

818 

16  45 

25  36 

35  7 

45  52 

59  15 

90  0 

61  22 

5132 

45  1 

4014 

36  30 

16 

7  45 

16  38 

23  49 

32  32 

42  8 

53  27 

6911 

69  63 

56  93 

4911 

43  42 

39  81 

16 

7  10 

14  40 

22  17 

80  20 

39  3 

48  58 

61  22 

90  0 

63  7 

53  42 

47  22 

42  40 

17 

6  51 

13  48  20  57 

28  26 

30  26 

45  20 

55  50 

70  81 

71  7 

58  44 

6118 

45  67 

18 

6  29 

23  3 

19  46 

26  46 

3411 

4217 

5182 

63  7 

90  0 

64  87 

55  86 

49  27 

19 

6  9 

12  22 

18  44 

25  18 

3214 

39  41 

48  0 

57  61 

7139 

72  9 

60  21 

6810 

20 

5  51 

1146 

17  48 

.24  1 

30  31 

37  26 

45  1 

58  42 

64  87 

90  0 

65  55 

5714 

21 

6  36 

1113 

16  58 

22  51 

28  59 

35  28 

42  28 

5017 

59  84 

72  88 

78  4 

6147 

22 

6  21 

10  44 

16  12 

2149 

27  37 

38  43 

4014 

47  22 

55  85 

66  55 

90  0 

67  6 

23 

5  7 

1017 

15  81 

20  52 

26  23 

32  9 

3816 

44  52 

52  16 

61  5 

78  29 

73  53 

24 

4  55 

9  53 

14  53 

20  1 

2616 

30  45 

36  30 

42  40 

49  27 

5714 

67  5 

90  0 

25 

4  44 

9  30 

14  19 

1914 

2416 

29  28 

34  55 

40  43 

46  69 

54  1 

62  26 

7416 

26 

4  84 

9  918  48 

18  81 

23  20 

2819 

:i8  80 

38  68 

44  49 

5117 

58  43 

68  6 

27 

4  25 

8  60 

18  19 

17  61 

22  29 

2715 

3212 

37  23 

42  54 

48  63 

55  36 

63  87 

28 

416 

8  33 

12  52 

1715 

2142 

2617 

81  1 

36  57 

4110 

46  46 

52  66 

60  8 

29 
30 

4  8 
4  0 

816 
8  1 

12  27 
12  4 

16  41 
1610 

20  69 
2019 

25  24 
24  34 

29  56 
28  66 

34  39 
88  27 

39  86 
8810 

44  52 
4810 

50  86 
48  81 

57  2 

54  26 

81 

8  53 

7  47 

1143 

15  41 

19  42 

23  49 

28  1 

32  21 

36  62 

4187 

46  40 

5210 

82 

8  47 

7  84 
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64  16 
67  32' 
0  56! 


46  04 

47  43- 
50  27 
53  19 
6617 
69  22 

2  34' 

5  54 

9  22 

18  00' 


19  69' 
3  10  0832447,3 


4  28, 
810 
12  02 
16  04 
2018 
24  26 
29  24 
3417 
39  26 


16  46* 
20  45, 
24  61' 
29  09'j 
33  41,' 
88251 
48  22i' 
4885' 
64  04' 


180 


1  TABLE  XXIII 

at  Ihdr  ' 

Grtatat  Elong 

Horn  from  the  Meridiatl.     {Thi  nambtnai  lnfdnnl/!«iirrdiU. 

Potariii. 

6  U™  Mfnorl^ 

CUrHUinori.. 

1=25' 

1»30' 

W2ii'~ 

3°  23' 

7=46' 

7"  50' 

7°  66'    1    8O00' 

1  62  38 

1  59  16 

4  25  07 

4  8016 

1017  08 

10  24  06 

10  30  56'  10  37  36 

53  30 

2    0  11 

27  09 

32  21 

22  S2 

29  06 

36  49        42  33 

1     64  23 

1  07 

29  00 

34  20 

27  17 

34  04 

40  61        47  38 

66  IS 

2  05 

8115 

36  M 

32  20 

38  26 

46  Oil       52  61; 

56  14 

38  24 

88  56 

36  88 

44  25 

61  18'       68  12 

52 

4118 

42  50 

5118 

56  44,  11    S  42< 

46 

44  10 

48  18 

56  18 

11    2  19          9  201 

80 

46  01 

53  64 

11    0  58 

8  08        15  07 

00 

48  30 

59  40 

68  20 

13  67        21  04 

— 

31 

51  04 

11    5  43 

12  8b 

19  58        27  10 
26  10        38  26 

05 

63  41 

mr- 

18  63 

43 

66  23 

17  61 

25  12 

82  82        39  58 

27 

59  09 

24  16 

3140 

39  06        46  30 

14 

5    200 

30  50 

38  19 

45  48        58  18 

06 

4  65 

87  30 

45  09 

52  44:  12    0  17 

03 

7  55 

44  28 

52  11 

69  60|         7  28 

06 

1101 

5142 

59  24 

12    7  071       14  51 

0 

12 

14  11 

59  03 

12    6  61 

14  291       22  27 

24 

17  27 

12    6  36 

14  80 

22  22        30  16 

42 

20  49 

14  23 

22  21 

30  20|       38  19 

~2ri6 

22  24 

30  27 

38  ail       48  33 

3' 

27  49 

80  89 

38  48 

46  67        66  07 

B 

09 

81  29 

39  09 

47  33 

55  38  13  03  64 

■^ 

51 

3518 

47  68 

66  03 

13    4  26        12  56 

40 

89  08 

66  56 

13    5  21 

18  46        22  lb! 

35 

43  08 

13    6  10 

14  45 

23  181       31  62; 

38 

47  If 

16  47 

24  27 

33  071       41  47 

48 

6130 

25  41 

84  26 

43  12!       52  00 

Ot> 

56  53 

35  52 

44  46 

58  39:  14    2  38 

Ob 

VI 

6    0  24 

46  24 

65  2f 

14    4  24'       18  20 

r    <i 

5  06 

"67  Id 

14    0  24 

1533,       24  41 

1 

60 

9  54 

14    8  81 

17  40 

27  02'       36  18 

44 

14  52 

20  00 

29  34 

38  54 

48  18 

3B  14 

47     3 

1_46 

19  59 

82  07 

4189 

51  12 

16    0  44 

.     40  27 

49  63 

17  68      25  20 

44  33 

54  18 

15    8  64 

18  34 

i    42  44 

62  15 

23  21 

80  49 

57  21 

16    713 

17  03 

26  62 

46  05 

54  48 

2a6'j 

36  80 

16  10  43 

20  44 

30  8! 

40  38 

II    47  31 

57  23 

84  42 

42  24 

24  30 

34  88 

44  46 

64  48 

1     GO  03 

3    0  04 

40  41 

48  29 

38  60 

49  05 

59  22:  16    9  41' 

52  40 

2  50 

~6"12 

46  62 

64  48 

63  37 
16    (143 

16    4  05 

16  14  331       26  02; 

,     66  23 

63  18 

7    1  21 

■      27"6?  ■ 

40  67 

1    58  12 

8  14 

59  67 

8  10 

29  04 

38  10 

46  88 

66  04 

;3     1  08 

n  47 

7    6  62 

loll 

43  84 

56  00 

17    8  37 

17  14  39 

'<      *  09 

15  OfJ 

14  03 

22  30 

58  49 

17  10  08 

21  1; 

32  31 

7  18 

18  2U 

21  30 

80  10 

17  16  47 

28  13 

39  39 

51  06 

10  34 

21  48 

80  18 

38  OL 

86  28 

47  40 

1818  4^ 

18  13  04I 

18  69 

25  24 

37  19|     46  15 

54  57 

18    6  50 

30  38 

.    17  32 

29  10 

45  43      54  61 

18  1616 

27  23 

39  31        61  40 

'    21   13 

83  04 

54  29;  8    3  4r 

86  27 

48  60 

19  49  13:19  13  37 

1    26  04;    87  09 

8    8  8(>|      13  13 

58  3f 

19  1114 

28  581       36  56 

29  06     41  24 

12  U8J     22  40 

10  21  45 

84  41 

47  36'  20    0  83 

I'    38  17l    46  51 

23  03      82  51 

45  51 

59  04 

20  12  25;       26  40 

1,    87  40     50  29 

83  28;     43  31 

20  11  17 

20  24  53 

88  28'       51  56 

42  15     55  20 

44  221     64  87 

37  69 

6161 

21    5  41121  19  34 

1'    47  08,4    0  26 

55  41119    6  14 

21    5  56 

21  20  08 

34  28 

48  33 

■:    52  06!      5  45 

9    7  42      18  25 

35  20 

4f  63 

22    4  27 

22  19  02 

67  08     11  20 

20  15'     31  13 

22    G15 

22  2111 

36  09 

51  07 

1    2  54     17  12 

33  25      44  39 

38  05 

64  11 

28    9  34 

23  24  67 

j      8  43     23  02 

47  17      68  48 

23  13  16 

23  29  02 

44  50 

24    0  40 

1   TABLE  XXII 

CerUm  Stan  tr 

„ymb^  at  lopitt 

■  etMT. 

It  ChuiulnnUL 

^  RTdrl 

ud  :  Dim  MinoTte. 

J!  '■■''- 

11"  80'  1  11=- 86' 

U"  4U' 

W  46' 

U='50' 

11°& 

1  Ut. 

11  3006  1135  OE 

1140  06 

11  45  07 

1150  07 

11  65 

'1    - 

80  26!       86  2b 

40  2b 

45  2b 

60  2b 

56 

■      8 

30  58^       85  5H 

40  69 

45  69 

50  69 

56 

1'      * 

31  42        36  m 

41  44 

46  45 

5146 

56 

':         6 

32  40        37  42 

42  48 

47  45 

52  43 

67 

^ 

33  61      aa  5a 

48  60 

48  56 

53  58 

59 

'         7 

35  10        40  It' 

4519 

50  2:. 

55  25 

12    0 

.i         6 

30  58        41  6< 

40  59 

52  02 

67  05 

' 

38  43|       48  2- 

48  6 

53  65 

58  59 

41 

!  10 

40  48:       46  6. 

SOS- 

56 02 

12    107 

6 

il"n~ 

48  12 

es  18 

68  23 

3  29 

12 

45  88 

50  4E 

65  52 

12    0  59 

606 

11 

13 

48  24 

53  83 

58  41 

8  49 

8  51 

14  1 

14 

618t> 

66  85 

12     145 

666 

12  04 

17 : 

15 

64  41 

59  53 

5  04 

1015 

15  26 

20; 

,1    1« 

6813 

12    3  25 

8  88 

13  51 

19  03 

24: 

" 

12    15b 

7  14 

12  28 

17  42 

2257 

28: 

:'  18 

5  81 

11  18 

16  34 

2151 

27  07 

82: 

il    IB 

10  21 

15  2- 

2108 

26  15 

8133 

36i 

:i  20 

14  67 

201- 

25  8- 

80  57 

86  18 

41  !h. 

»'  '" 

!i~2r 

1960 

25  11 

3U3o 

412IJ 

46  4- 

52  04 

':     i 

22  23 

27  48 

88  10 

38  84 

43  68 

49  21 

56  01 

':  2I 

25  01 

30  2(, 

85  51 

4116 

46  40 

62  06 

67  30 

'1    i 

27  44'       33  10 

88  3t. 

44  02 

49  27 

54  56 

13    019 

1    2S 

SO  80]       85  58 

4125 

46  52 

62  20 

57  47 

8  14 

i 

88  231       38  61 

44  20 

49  48 

55  17 

13    0  45 

6  14 

1'    24 

86  20l       41  4fl 

47  19 

62  49 

58  19 

8  49 

9  18 

1    i 

39  21!       44  6L 

50  23 

55  55 

13    1  26 

6  67 

12  28, 

}.    26 

42  2'.'!       48  00 

63  33 

67  16 

4  27 

10  11 

16  43 

:_i_ 

45  40'       61  14 

48  57.       64  8:. 

56  48 

18    8  32 
5  21 

7  54 
11  19 

13  30 

1904 

.    2t) 

18    (J  08 

10  54 

22  30: 

1      i 

52  10|       67  6t 

8  83 

9  10 

14  47 

20  24 

26  02 

'    27 

66  47I  13    1  2t. 

704 

12  48 

18  22 

24  00 

29  39i 

'      i 

59  19 

5  01 

10  41 

16  21 

2154 

27  41 

33  22' 

.    28 

18    2  37 

8  31. 

14  28 

20  05 

26  47 

3129 

87  11|, 

\i 

8  44 

12  28 

1811 

28  56 

29  38 

35  22 

4106'! 

1012 

16  12 

22  06 

27  51 

83  24 

89  21 

45  07. 

1 

14  81 

2018 

26  05 

32  0b 

37  40 

43  27 

49  14 

30 

18  34 

24  23 

8012 

36  01 

4160 

47  89 

53  28. 

i 

22  48 

28  34 

34  25 
—88  44 

40  16 

46  06 

5167 

57  48: 

-sr 

2B68 

32"67 

^4437 

50  29 

56  22 

14    2  15, 

} 

8121 

87  26 

48  10 

49  05 

54  48 

14    0  54 

6  49 

3I 

36  45 

41  4b 

47  4L 

53  39 

59  36 

5  83 

1180' 

.4 

40  13 

46  23 

52  22 

68  21 

14    4  20 

1019 

16  18: 

45  07 

60  56 

67  09 

14    3  11 

911 

1612 

21  13 

\s\ 

49  5] 

66  00 

14    2  03 

8  06 

14  09 

2013 

26  16 

54  64 

14    0  59 

6  29 

13  14 

1915 

26  21 

81371 

[a! 

50  58 

00ft 

12  14 

18  20 

24  29 

80  87 

86  46, 

14    511 

1121 

17  81 

23  41 

29  29 

86  02 

42  17,! 

! 

10  32 

16  44 

32  56 

"""" 

oe  01 

"  " 

"" 

3ti 

16  6U 

22  13 

28  29 

al 

2180 

28  06 

84  01 

27  21 

83  42 

40  02 

.1 

33  15 

89  39 

46  01 

89  10 

45  48 

62  10 

d 

47  86 

52  00 

68  28 

e3  5!l 

58  25 

15    4  56 

1 

58  25 

16    5  00 

1184 

X 

15    6  07 
1159 

11  46 

18  40 

18  22 
26  32 

TABLE  XXIIL — Azimuths  or  Bearmgs  of  Certain  Stars  when  at  their 
Greatest  Elongations  from  the  Meridian.     (7%e  numJben  at  top  denote  polar  dirt.) 


8Ur. 


P.D. 

Lat. 
41 


42 

i 
43 

i 
44 

i 
45 

_i 

46 

} 
47 

i 

49 

i 
60 

i 


51 

i 
52 

68 

1 
64 

61 

i 


56 
67 
68 

69 

i 

60 


01 
62 
68 

64 

i 

66 


60 


I 


6 

i 
68 

i 

69 

i 
70 


/^  ChamaaleontiB. 


/?  Hjdri  and  C  Urm  MinorlB. 


11°  30^ 


o      /     // 

15  19  08 
26  17 
83  42 
4120 
49  10 
57  11 

16  5  06 
13  54 
22  36 
8132 


17 


40  13 
50  09 
59  51 
9  49 
20  04 
80  37 
4125 
52  38 
18  4  08 
15  58 


11°  85^ 

11°  40^ 

i  11° 45^1 

0    /   // 

o    /   // 

o   /   // 

15  26  00 

15  82  30 

15  39  50 

33  17 

89  57 

46  89 

40  83 

45  10 

52  00 

48  14 

55  08 

16  2  03 

56  07 

16  8  05 

10  02 

16  4  12 

1114 

18  16 

12  13 

19  57 

26  42 

2103 

28  12 

35  22' 

29  49   37  08 

44  16 

38  49 

46  07 

53  56 

11°  50^ 


28  10 
40  44 
53  40 

19  7  01 
20  47 
34  59 
49  38 

20  5  52 
20  28 
86  31 

53  14 

21  10  29 
3128 
46  50 

22  6  00 
25  51 
46  26 

23  7  47 

29  27 
52  69 


48  05 

17  57  00 

7  22 
17  26 
27  44 
38  28 

49  19 

18  0  36 
12  10 
24  06: 


17 


55  27 
5  02 
14  53 
26  00 
85  25 
46  08 
57  09 
18  8  80 
20  11 
82  12 


86  2M, 
49  02! 

19  2  061 
15  19; 
29  25 
48  40 
58  36 

20  13  44 
29  80 
45  47 


44  86 
57  21 

19  10  30 
24  05 
88  08 
52  28 

20  7  02 
22  46 
88  29 
55  02 


17  2  49 
12  28 
22  24 
82  87 
48  06 
53  54 

18  5  01 
16  27 
28  12 
40  20 


o       /      // 

15  45  59 
58  26 

16  1  05 
8  67 

17  01 
25  18 
83  49 
42  82 
51  16 

17  0  48 


11°  56^ 


loll 
]9  57 
29  55 
40  12 
50  47 
18  1  40 
12  52 
24  28 
86  14 
48  27 


53  U5 

19  5  41 
18  56 
82  86 

46  42 

20  1  14 
16  16 
81  44 

47  46 

21  3  21 


21  2  37  21  12  UU 


20  01 
41  10 
56  40 

22  15  59 
36  00 
56  47 

28  18  17 
40  39 

24  3  62 


24  16  66 
4129 

25  7  46 
34  47 

26  2  58 
82  22 

27  8  06 
85  04 

28  8  52 
43  27 


29  21  05 
59  56 

30  40  48 
81  28  42 
32  9  17 

57  17 
88  48  07 

34  42  02 

35  39  21 


28  02 
63  09 

25  19  18 
46  84 

26  15  00 
44  40 

27  15  89 
48  05 

28  22  02 
57  36 


29  33 
50  53 

22  6  80 
25  58 
46  10 

28  7  06 
28  48 
61  20 

24  14  46 


2124 
89  06 

22  0  86 
16  20 
35  58 
56  19 

23  17  26 
39  19 

24  2  03 
25  41 


19  1  02 
14  00 
27  21 
4108 
55  20 

2010  00 
26  07 
40  47 
66  58 

21  13  89 


o   /   // 

15  52  43 

16  0  14 
7  57 

15  50 
23  59 
32  20 
40  54 
49  42 
58  44 

17  8  01 


17  84 
27  22 
37  27 
47  49 
58  28 
18  9  26 
20  43 
32  20 
44  16 
56  35 


12°  00^ 
o  7    7/ 

15  59  27 

16  7  02 

14  48 
22  46 
80  68 
39  22 
48  00 
56  02 

5  58 

15  19, 


17 


24  56 

34  49 

.  44  58 

55  25 

18  5  84; 
17  12: 

^  28 18 
40  161 
52  19 

19  4  48 


30  48 

48  88 

22  10  18 

26  24 
46  00 

23  6  80 

27  47 

49  50 

24  13  21 
86  37 


19  9  16! 
22  20 
35  47 
49  40 

20  4  00 
19  00 
84  01 
49  46 

21  6  00 
22  52 


29  34  56   48  47 
80  14  O81  30  28  22 


56  26 

81  88  63 

82  24  46 
88  13  16 

84  4  36 
59  16 

85  57  00 


39  07    50  16 

25  4  28  25  15  49 
30  62  42  26 
58  21  26  10  17 

26  27  02  39  06 
56  65  27  9  17 

27  28  14   40  61 

28  0  57  28  13  51 
85  12|   48  24 

29  11  06;  29  24  89 

30  2  40 
42  38 

31  24  41 

32  9  01 
55  49 

88  45  17 
34  37  46 
85  38  19 
36  83  30 


81  10  02 
53  66 

82  40  16 
88  29  14 

84  21  07 

85  16  10 

86  15  48 


25  1  42 
27  09 
54  00 

26  21  58 
51  09 

27  21  37 
58  27 

28  26  46 

29  1  39 

;m2 

80  16  36 
56  56 

81  89  23 
32  24  08 
38  11  24 
34  122 

54  19 

85  50  82 

86  50  82 


40  18 
58  11! 

22  16  47 
86  18 
56  00 

28  16  41 
88  09 

24  0  24 
28  31 
47  83 


25  12  82 

88  82 

26  6  86 
38  48 

27  8  16 
84  00 

28  6  06 

89  42 

29  14  54 
5148 


17  30' 
3022! 
4413 
58  13 

20  12  39 
27  32 
42  54 
58  46 

21  15  10 
^82  07 

49~88; 

22  7  45 
26  80 
45  55' 

28  6  02 
26  53 

48  31 

24  10  58 
3415 
58  27 

25  23  41 

49  54 

26  17  12 

45  40 

27  15  2O1 

46  21 

28  18  46 
43  57 

29  28  08 
80  5  22 


80  30  83 

81  11  16 
64  07 

82  89  18 
38  27  02 


44  31 

81  25  87 

82  8  68 
54  31 

38  42  42 


84  1 7  30  34  38  88 

85  11  00  85  27  48 

86  7  48  86  25  08 

87  816187  26  14 


I 


189 


TABLK   XXriI. — AzimuthM  or  Btaringtof  Certain  Start  vKenatdm\ 
Greatest  Elongations  from  the  Meridian.  ( Tht  numbert  at  top  d^noU  priar  dut. . 


8  tar. 

Lat. 
1 

2 
8 
4 

5 

6 
7 
8 
9 
10 

~i  1 
12 
18 
14 
15 
16 
17 
18 
19 
20 

"  21" 

i 

i 

23 

24 

i 
25 

26 

27 

J 

28 

i 
20 

i 
30 

__i 
31 

i 
32 

J 
88 

i 
84 

i 
36 

i 
36 

i 
87 

i 
88 

i 
89 

40 
1 


y  CephL 


12°  U5'  j 


12°40^ 
"o  /  // 


12  5  07  12  40  07 


5  27i 

6  01! 

6  48| 

7  49 
9  08 

10  32 
12  14 
14  11 
16  21 
'18  48 
21  27 
24  24 
27  88 
80  59 
84  41 
38  40 
42  55 
47  28 
52  18 


40  28 

41  86 

41  53 

42  57 

44  16 

45  48 
47  36 
49  3H 
51  65 


13 


14 


57  27 
0  08 
2  54 
5  45 
8  41 

11  51 
14  48 
18  00 

21  16 
2488 

28  Ot) 
31  50 
35  07 
39  02 
42  53 
46  49 
50  52 
55  01 
59  17 
8  89 

8  08 

12  44 
17  27 

22  17 
27  14 
82  20 
87  32 
42  53 
48  22 

54  00 

oTTTti 
15  5  40 
11  44 
17  47 
24  21 
80  52 
87  35 
44  14 
61  82 
68  46 


54  28 

57  16 

13  0  15 

3  40 

7  17 

11  10 

15  21 

19  49 

24  35 

29  40 

35  04' 
37  541 
40  48; 

48  48! 
46  531 
50  021 
53  18| 
56  89! 
0  06 
_8  37 

7  15 
10  59 
14  49 
18  45 
22  48 
26  56 
31  11 
35  32 
40  01 
44  87 


14 


49  19 
54  09 
69  0(5 
15  4  12 
9  24 
14  44 
20  14 
25  51 
31  37 
37  31 


43  o5 
49  48 
56  10 
16  2  48 
9  25 
16  18 
28  21 
30  85 
88  00 
46  35 


12° 45^ 

12  45  07 

45  29 

46  04 

46  57 

47  58 

49  17 

50  51 
52  89 
54  42 

^57  00 

59  "34 
2  23 
5  29 
8  50 
12  10 
16  23 
20  35 
25  05 
29  54 
85  01 


12°  50^ 


18 


14 


40  25 

48  17, 
46  18! 

49  14i 
52  20. 
55  81 1 
58  48. 

2io: 

6  38, 
9  121 

12  51 
16  37 
20  28 1 
24  251 
28  30 
82  40 
86  57 

41  21 
45  61 

50  28 


12  50  07 

50  29 

51  05 
61^5 

58  00 
54  19 

56  53 

57  42 

59  46 
18  2  05 

440 
7  81 
10  37 
14  07 
17  39 
21  85 
25  50 
80  22 
35  12 
40  21 


22°  56^  I  18°  00' 


14 


45  49 

48  41 

61  38 

54  40 

67  48 

100 

4  18 

7  42 

11  11 

14  46 


55  13! 16 

15  0  05. 
6  04 

10  111 
16  261 
20  49 
26  20 
32  00 
87  47 

43  45 

49  51 

56  06 

16  2  40 
9  06 

15  62 
22  47 
29  53 
37  11 

44  89 
52  20 


18  27 
22  14 
26  07 
3Q07 
34  12 
38  24 

42  43 
47  08 
6140 
56  15 

1  15 
600 
1101 
16  10 
21  27 
26  58 
32  26 
38  07 

43  58 
49  58 


56  U7 
16  2  25 
8  53 
16  31 
22  18 
29  17 
36  26 
48  47 
51  18 
69  0^ 


//■  o 


12  65  07 

55  29 

56  05 
56  66 
58  01 
69  21 

0  551 
2  45| 
4  50, 
7  10- 


13 


18 


/  // 

0  07 

0  29 
105 

1  56 

3  02 

4  21 

5  58 
748 
9  54 

12  15 


13°  05' 


13 


9  4«) 
12  28 
15  45 
19  09 
'22  49 
26  48! 
31  04; 
35  38 
40  30 
45  41 


14  5:i 
17  52 
20  33 
24  19 
28  02 
82  01 
36  19 
40  54 
45  48 
5102 


14 


51  121 
54  Oe 
57  031  14 

0  06: 

3  15| 

6  29i 

9  49 
13  13 
16  44 
20  21 


56  35 

69  29 

2  28 

5  33 

8  42 

11  58 

16  18 

18  45 

22  17 

25  56 


5  7 

5  29 
6U6 

6  57 

8  0:5 

9  24 

11  <X> 

12  51 
14  58 
17  20 


16 


24  03| 
27  52' 
31  461 
85  47l 
39  54 
44  08 
48  28 
62  43 
67  36 
2  11 


16 


6  59 
11  55 
16  29 
22  10 
27  29 
32  67 
38  82 
44  00 
60  10 
56  12 


16  2  23 
8  44 
16  14 
21  64 
28  46 
35  47 
42  59 
50  23 
57  67 
5  24 


16 


29  89 
33  29 

37  00 
41  68 
45  36 

49  62 
54  04 
58  43 

8  19 
8  02 

1'2  53 
17  51 
22  56 
28  10 

38  81 
89  01 
44  89 

50  45 
66  84 

2  32 


17 


17 


8  39 
14  55 
21  21 
27  5 
84  48 
41  89 
48  47 
66  06 

3  84 
11  16 


19  oH 
22  52 
26  02 
29  29' 
33  18 
37  14 
4103 
4610 
5107 
66  2J 


14  167 
453 
753 

10  50 
14  10 

17  20 
20  46 
24  19 
27  56 
81  30 

3515 
39  07' 
48  04 
87  08 
51  19 
66  36 

15  0  00 
4  31 
9  09 

18  54 


18  4*» 
23  46 
28  53 


34  09 

39  33 

45  05 

50  45 

56  34 

2  32 

8  89 

14  6o 

2121 

27  67 

34  43 
41  89 
48  47 
56  05. 
8  84 
11  16 
19  09 


i  TABLE  XXIII. — Azimuths  or  Bearings  of  Certain  Stars  when  at  their 

Oreatest  Elongations  from  the  Meridian.  (Tfte  numhcrsi  at  top  denote,  polar  dUt.) 

'  Star. 

1 

y  Gephi. 

,  P.D. 

12°  06^ 

o   /   // 

120  40^ 

12°  45^ 

12°  50^ 

;  12°  55^ 

13°  00^ 

13°  05^ 

1  Lat. 

0  /  // 

Off, 

0  /  // 

0  /  // 

0  /  // 

0  /  // 

'  41 

16  6  12;  16  53  27 

17  0  12 

17  6  57 

17  13  43.'  17  20  29 

17  27  14 

'  i 

13  50;  17  1  28 

8  17 

15  06 

22  23;   28  44 

35  38 

42 

21  89    9  42 

10  34 

23  27 

30  19 

87  12 

44  05 

:    i 

29  41 

18  09 

25  05 
33  49 

32  01 

88  67 

45  53 

52  50 

43 

37  66   26  60 

40  49 

47  49 

54  49 

18  149 

'  i 

46  24   35  44 

42  48 

49  51 

66  55|  18  3  59 

1103 

i'  44 

65  06|   44  58 

52  01 

59  14 

18  6-16'   18  23 

20  31 

J 

17  4  02|   54  17 

18  1  20 

18  8  40 

15  52   23  03 

30  15 

45 

13  13  18  8  56 

11  12 

18  28 

25  43 

38  00 

40  16 

.   i 

22  38 

13  52 
"2431 

21  11 
3i  28 

28  31 
38  52 

35  51 
"46  16 

48  11 

50  82 

.  46 

82  lU 

58  41 

19  106 

i 

42  16 

34  83 

42  00 

49  13 

56  59 

19  4  28 

1157 

47 

52  50 

45  19 

52  62 

19  0  25 

19  7  59 

15  88 

28  07 

i     4 

18  3  01 

56  23 

19  4  01 

11  39 

19  18 

26  55 

84  86 

48 

13  51 

19  7  47 

15  80 

23  13 

80  57 

38  40 

46  25 

i 

24  59 

19  30 

27  18 

34  50 

42  55j   50  44 

58  88 

1  49 

36  26 

81  34 

39  27 

47  21 

55  15;  20  8  09 

20  11  04 

i. 

48  13 

43  59 

5158 

59  57 

20  757'   15  67 

28  56 

>  60 

19  0  38 

66  46 

20  4  57 

20  12  55 

21  01 

29  03 

87  11 

i   J 

12  21 
25  44 

20  9  56 

18  07 
81  47 

26  17 

34  28 

42  89 

50  51 

51 

28  30 

4UU3 

48  20 

66  87 

21  4  55 

} 

39  00 

37  29 

46  62 

54  14 

21  2  88 

21  11  01 

19  25 

6-i2 

52  40 

61  54 

21  0  22 

21  8  52 

17  29 

26  52 

84  22 

;    i 

20  6  47 

21  6  46 

15  22 

23  58 

S2  24 

41  lo 

49  47 

■    58 

21  00 

22  06 

30  48 

39  81 

48  14 

66  68 

22  6  42 

•  i 

86  19 

37  55 

46  45 

55  85 

22  4  25 

22  18  01 

22  07 

;  54 

61  48 

54  16 

22  3  13 

22  12  10 

2108 

80  06 

89  04 

1   } 

21  7  48 

22  11  08 

20  13 

29  18 

88  23 

47  29 

66  86 

65 

24  18 

28  35 

87.47 

47  00 

56  13 

23  6  27 

23  14  41 

i 
56 

41  24i   46  36 
59  OJJ;  23  5  14 

56  57 
23  14  43 

23  6  18 

28  14  29 

24  02 

38  24 

24  13 

83  17 

48  04 

5146 

1  f 

1  5? 

22  17  19   24  32 

84  10 

43  48 

63  28 

24  8  07 

24  12  48 

36  18   44  30 

54  17 

24  4  05 

24  13  64 

28  48 

83  32 

:    i 

65  48  24  5  11 

24  16  08 

25  06 

86  03 

46  02 

66  02 

58 

28  16  04   26  87 

82  05 

46  51 

57  00 

25  7  08 

25  17  18 

i 

37  06 

48  50 

69  07 

25  9  26 

26  19  45 

80  04 

40  24 

69 

58  54  26  11  54 

26  22  22 

8148 

48  21 

68  62 

26  4  28 

il  6^ 

24  21  82l   85  50 

46  30 

67  10 

26  7  62 

26  18  84 

29  17 

45  02 

26  0  43 

26  11  34 

26  22  27 

88  20 

4416 

66  10 

'  i 

25  9  27 
34  52 

26  34 

87  88 

48  44 

59  50 
27  27  24 

27  10  67 

27  22  06 

61 

53  30;  27  4  46 

27  16  14 

88  45 

60  06 

t 

26  1  18 

27  21  29 

33  01 

44  32 

56  06 

28  7  40 

28  19  16 

62 

28  50 

50  41 

28  2  26 

28  14  12 

28  26  01 

87  60 

49  46 

i 

57  82 

28  21  07 

33  08 

45  10 

67  18 

29  9  17 

29  21  23 

68 

27  27  29 

52  54 

29  5  11 

29  17  29 

29  29  49 

42  13 

54  31 

j^  64 

54  33 

29  26  07 

88  41 

51  16 

30  3  62 

30  16  30 

30  24  30 

28  27  09 

30  0  51 

30  13  43 

30  26  3C 

39  80 

51  26 

31  6  24 

,   1 

29  4  39 

37  14 

60  24 

81  8  36 

81  16  66 

31  30  67 

43  23 

66 

41  29 

31  15  20 

31  28  61 

42  24 

66  69 

32  9  84 

32  28  13 

i. 

30  18  41 

55  22 

32  9  14 
53  28 

82  28  08 

32  87  59 

51  18 

83  6  03 

m 

58  31;  32  37  25 

38  5  58 

88  20  17 

88  84  89 

49  38 

i 

31  40  00,  38  21  41 

83  86  20 

6103 

84  5  47 

34  20  84 

84  86  23 

67 

32  28  40 

34  8  20 

34  28  26 

84  88  43 

53  46 

85  9  00 

35  24  16 

^ 

33  9  46 

57  36 

35  18  10 

35  28  47 

35  44  28 

86  0  10 

36  16  66 

1  68 

58  25 

35  49  42 

36  5  47 

36  21  55  36  38  07 

54  21 

37  10  88 

} 

34  49  55 

36  44  55 

37  1  33 

37  18  Hi  37  35  00 

37  51  48|38  8  40 

69 

35  44  80 

37  43  33 

38  0  50 

38  18  05  38  86  27 

38  52  53  39  10  28 

} 

36  42  31 

88  45  57 

39  3  61 

39  29  49 

39  89  52 

39  57  59 

40  16  10 

1  70 

1 

37  44  17 

89  69  11 

40  11  11 

40  29  58 

40  48  40 

41  7  28 

41  24  29 

191 


lBLE  XXIII. — Azimutht  or  Bearingt  of  CerUtm  Stan  vhen  at 


ihmi 


^eatsti  Elonffatiofu  from  the  Meridian,   (2^  tmmben  at  tap  denatt  poUur  dul) 


,i  (Koehab)  Un»  AUnoris. 

1876 
15°  20^ 

1895 
15°  25^ 

Off/ 

1915 
15°  30^ 

1986 

,  1956 

1976 

1995 

15°  8o' 

10"  40^ 

16°  4d^  .  Id^oii'. 

0   /  // 

Off/ 

u    /   // 

o   /   •>»,  o   /  fr 

15  20  09 

15  25  19 

15  80  09 

16  85  10 

15  40  09 

15  45  28  15  50  09 

20  35 

25  85 

30  85 

86  86 

40  86 

45  36,   60  Z^ 

21  18 

26  18 

31  19 

36  20 

41  20 

46  20|   51  19 

22  18 

27  19 

32  20 

87  20 

42  21 

47  2: 

>'  o2  28 

23  36 

28  38 

83  29 

38  40 

48  41 

48  43   58  44 

25  12 

80  14 

85  15 

40  17 

45  19 

60  21:   56  23 

27  05 

32  07 

37  10 

42  12 

47  15 

62  i; 

r      57  19 

29  16 

84  19 

89  22 

44  26 

49  29 

64  31 

I        59  85 

81  45 

86  49 

41  53 

46  57 

62  01 

67  06  16  2  10 

84  88 
87  89 

39  38 
42  45 

44  48 

49  48 

64  53 

68  04 

69  58    o  03; 

i   47  52 

62  57 

16  3  lU 

»j    8  16i 

4105 

46  12 

61  19 

66  26 

16  1  84 

6  41 

'   11  48 

44  49 

49  58 

66  06 

16  0  15 

5  23 

10  32i   15  40 

48  54 

64  04 

69  18 

4  23 

9  33 

14  48 

'   19  53 

58  18 

68  29 

16  3  41 

8  52 

14  04 

19  16 

24  271 

58  03 

16  3  16 

8  29 

18  42 

18  65 

24  08 

29  21 

16  3  09 

8  24 

18  88 

18  53 

24  07 

29  23 

•   34  38 

8  87 

13  58 

19  10 

24  27 

29  43 

35  00 

40  17' 

14  26 

19  46 

25  13 

30  22 

35  41 

4100 

46  19 

20  39 
27  15 

26  00 

31  21 

36  41 

42  17 

47  23 
54  IJ 

52  44 

82  38 

88  01 

48  24 

48  47 

59  84 

30  42 

36  06 

41  31 

46  55 

62  20 

57  47 

17  3  08 

84  15 

39  41 

46  06 

60  36 

56  58 

17  1  28 

6  49 

37  55 

43  22 

48  47 

64  15 

69  48 

5  09 

10  8& 

4141 

47  09 

62  37 

58  08 

17  3  84 

9  02 

14  03 

45  88 

6103 

56  82 

17  2  02 

7  81 

13  01 

18  80 

49  82 

55  08 

17  0  84 

6  05 

11  86 

17  07 

22  38 

63  38 

69  10 

4  48 

10  16 

15  47 

2120 

26  23 

67  50 

17  8  24 

8  58 

14  82 

20  06 

26  40 

31  U 

17  2  10 
6  87 

7  29 

13  21 

18  67 

24  32 

80  07 

35  42 

I 

1 

12  14 

17  50 

28  27 

29  04 

84  41 

4U17 

11  11 

16  49 

22  27 

28  06 

83  44 

89  23 

45  02 

16  62 

2182 

27  12 

32  62 

38  82 

44  12 

49  53 

20  41 

26  22 

32  04 

37  46 

48  28 

49  10 

54  62 

25  87 

81  21 

87  04 

42  48 

48  31 

64  15 

59  58., 

30  42 

36  27 

42  12 

47  57 

63  43 

69  28 

18  6  13'! 

85  54 

41  41 

47  28 

68  16 

69  08 

18  4  60; 

10  37; 

4115 

47  04 

62  62 

68  41 

18  4  31 

10  20 

16  09! 

46  44 

52  34 

68  26 

18  4  16 

10  07 

15  681 

21  49i 

62  21 

68  14 

18  4  07 

10  00 

16  62 

21  46| 

27  39 

68  U7 

18  4  02 

9  57 

16  64 

21  47 

27  42 

88  87! 

18  4  08 

10  00 

16  02 

22  12 

27  51 

88  09: 

89  46'; 

10  07 

16  07 

22  05 

28  06 

34  04 

40  03 

46  03- 

16  21 

22  22 

28  24 

84  25 

40  27 

46  28 

52  80; 

22  45 

28  48 

84  62 

40  66 

47  00 

68  08 

69  07 

29  18 

35  24 

41  80 

47  86 

58  42 

69  48 

19  5  55 

86  01 

42  10 

48  18 

64  26 

19  0  86 

19  6  59 

12  62, 

42  55 

49  06 

66  17 

19  1  29 

7  39 

18  50 

20  00' 

49  18 

56  13 

19  2  26 

8  41 

14  68 

2107 

27  20! 

67  15 

19  3  31 

9  47 

16  08 

22  19 

28  80 

84  511 

19  4  42 

1100 

17  19 

28  87 

29  66 

86  16 

42  84 

12  20 

18  41 

26  02 

81  24 

87  46 

44  07 

60  28;. 

20  10 

26  84 

82  68 

39  22 

45  46 

62  11 

68  85 ; 

28  12 

34  89 

4106 

47  38 

64  00 

59  62 

20  6  34' 

86  26 

42  66 

49  20 

66  66 

20  2  26 

20  8  67 

15  27| 

44  54 

6127 

68  00 

20  4  84 

1106 

17  41 

2412 

68  35 

20  Oil 

20  6  46 

13  17 

19  59 

26  86 

83  12 

0  2  29 

9  08 

16  47 

22  27 

29  06 

85  46 

42  26 

11  87 

isaol 

26  08 

31  46 

88  28 

45  11 

61  24 

192 


TABLE  XXIII. — Azimuths  or  Bearings  of  Certain  Stars  when  at  their 

Greatest  Elongations  from  the  Meredian.  (The  numbers  at  top  detiote  polar  dist.) 

Star. 

(Kochab)  ^  Ursa  Minoris. 

Year. 

1875 

1895 

1915 

1935 
15"  35' 

1955 

1975 

1995 
5''  5' 

P.D. 

15**  20' 

15*'  25' 

15^*  30' 

IS**  40' 

15°  45' 

Lat. 

o    /    // 

O    /    // 

o   /   w 

0   /   w 

o    /    // 

»  /  // 

0    1    It 

41' 

20  30  38 

20  37  27 

20  46  17 

20  51  6 

20  54  54 

21  4  46 

21  14  36 

i 

20  41 

47  24 

54  47 

21  1  10 

21  8  4 

14  57 

2151 

42 

50  4 

57  36 

21  4  33 

11  30 

18  29 

25  25 

32  22 

i 

21  1  5 

21  8  6 

15  6 

22  8 

.  29.  8 

36  9 

43  10 

43 

11  48 

18  52 

25  57 

33  1 

40  1 

47  11 

54  10 

i 

22  49 

29  56 

37  4 

44  15 

51  22 

58  31 

22  24  41 

44 

34  6 

41  18 

48  31 

55  44 

22  2  57 

22  10  10 

19  24 

\ 

45  42 

54  59 

22    16 

22  7  38 

14  50 

22  8 

29  26 

45 

57  38 

22  5  6 

21  21 

19  42 

27  4 

34  26 

4148 

\ 

22  9  54 

17  19 

24  45 

31  14 

39  38 

47  5 

54  32 
23  7  37 

46 

22  30 

30  2 

37  31 

45  3 

52  34 

23  0  5 

\ 

35  29 

43  4 

50  39 

58  15 

23  5  2 

10  4 

21  4 
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TABLE  XXIV. 

Showing  the  Azimuths  of  Polaris  when  on  the  same  i>ertical  plane  with 
y  (Gamma)  in  Casiopetx  at  its  under  transit. 

All  the  Azimuths  or  bearings  are  North-west. 
The  cotumn  fuadingt  art  the  years  or  dates. 
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TABLE  XXV. 

Shaiving  the  Azimuths  of  Polaris^  lohen  vertical  with  Alioth  in 

Ursa 

Majoris 

at  its  under  transit. 

All  the  Azimuths  or  bearings  are 

North-east. 

(The  top  column  is  years. 
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TABLE   XXVII. 

Showing  the  Azimuth  or  bearing  of  Alpha  in  the  foot  of  the  Southern 

Cross  (Crucis)i  when  on  the  same  vertical  plane  with  Beta 

in  Hydriy  or  in  the  tail  of  the  Serpent. 

Bearings  are  all  South-east  when  Alpha  Crtuis  is  at  its  under  transit^ 

and  for  the  ist  of  January  of  the  years  given  at  top. 
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TABLE  XXVIIIa. 
TABLE    OF    EQUAL    ALTITUDES. 


Intervl 
h.  m. 

Log.  A. 

Los^.  B. 

Int'rval. 

Log.  A. 

Log.  B. 

Int'ival. 

Log.  A. 

'  Log.  B. 

7.7297 

7.7146 

h.  in. 

4.  2 

7.7451 

7.6815 

h.  m. 

6.  0 

7.7703 

2.  0 

7.6198 

2 

98 

43 

4 

54 

07 

2 

08 

84 

4 

7300 

39 

6 

58 

800 

4 

13 

70 

6 

02 

36 

8 

61 

792 

6 

19 

56 

8 

04 

32 

10 

64 

84 

8 

24 

42 

10 

05 

28  J 

12 

68 

76 

10 

29 

27 

12 

07 

25 

14 

72 

68 

12 

35 

13 

14 

09 

21 

16 

75 

59 

14 

40 

.6098 

16 

11 : 

17 

18 

79 

51 

16 

45 

82 

18 

13  i 

13 

18 

51 
56 

68 

20 

15 

09 

20 

82 

43 

20 

53 

22 

17 

05 

22 

86 

34 

22 

62 

38 

24 

19 

7.7101 

24 

90 

26 

24 

67 

23 

26 

21 

7.7097 

26 

94 

17 

26 

73 

07 

28 

23 

92 

28 

97 

08 

28 

79 

.5991 

30 

25 

88; 

30 

.7501 

.6700 

30 

84 

75 

32 

27 

S'S 

32 

05 

.6691 

32 

90 

59 

34 

29 

79 

34 

•  09 

82 

34 

96 

43 

36 

31 

75 

36 

13 

73 

36 

.7801 

27 

38 

33 

70 

38 

7.7517 

7.6663 

38 

07 

10 

40 

36 

65 

40 

7.7521 

7.6654 

40 

13 

.5894 

42 

38 

61 

42 

25 

45 

42 

19 

77 

44 

40: 

56 

44 

29 

35 

44 

25 

60 

46 

42 

51 

46 

33 

26 

46 

31 

43 

48 

45 

46 

48 

37 

16 

48 

36 

25 

50 

47 

41 

50 

41 

.6606 

50 

42 

08 

52 

49 

36 

52 

45 

.6597 

52 

48 

.5790 

o4 

52 

31 

54 

49 

87 

54 

54 

72 

56 

54 

26 

56 

53 

77 

56 

60 

54 

58 

57 

21 

58 

57 

.6567 

58 

67 

36 

3.00 

59 

15 

5.00 

62 

56 

7.00 

73 

17 

2 

62 

10 

2 

66 

46 

2 

79 

.5699 

4 

64 

7.7005 

4 

70 

36 

4 

85 

80 

6 

67 

7.6999 

6 

75 

25 

6 

91 

61 

8 

69 

93 

8 

79 

14 

8 

98 

41 

10 

72 

88 

10 

83 

.6504 

10 

.7904 

22 

12 

74 

82 

12 

88 

.6493 

12 

10 

02 

14 

77 

76 

14 

92 

82 

14 

16 

.5582 

16 

80 

70 

16 

97 

71 

16 

23 

62 

18 

7.7383 

7.6964 
7.6958 

18 

.7601 

60 

18 

29 

42 

20 

7.7386 

20 

06 

48 

20 

36 

22 

22 

88 

52 

22 

10 

37 

22 

42 

01 

24 

91 

46 

24 

15 

25 

24 

49 

.5480 

26 

94 

40 

26 

20 

14 

26 

55 

59 

28 

97 

34 

28 

24 

.6402 

28 

62 

37 

30 

.7400 

27 

30 

29 

.6390 

30 

69 

16 

32 

03 

21 

32 

34 

78 

32 

75 

.5394 

34 

06 

14 

34 

38 

66 

34 

82 

72 

36 

09 

08 

36 

43 

54 

36 

89 

50 

38 

12 

.6901 

38 
40 

48 

42 

38 

95 

.8002 

27 

40 

15 

.6894 

53 

30 

40 

04 

42 

18 

88 

42 

58 

17 

42 

09 

.5281 

44 

21 

81 

44 

63 

.6304 

44 

16 

58 

46 

24 

74 

46 

68 

.6291 

46 

23 

34 

;   4s 

28 

07 

48 

73 

78 

48 

30 

11 

:o 

31 

^^ 

iO 

78 

65 

50 

37 

.5186 

o2 

34 

52 

r:2 

83 

52 

52 

44 

62 

54 

37 

45 

54 

88 

39 

54 

51 

37 

56 

41 

38 

56 

93 

25 

56 

58 

12 

58 

44 

30 

58 

7.7698 

.6212 

58 

65 

.5087 

4.00 

47 

23 

6.00 

7.7703 

.6199 

8.00 

7.8072 

72 
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M«re> 

lU  SUL 

Miln. 

a 

td'Leng.  in 

Mkra  fl«i  Mia.      ij 

60.07 
69.06 

Lo^hof. 

LeDglhofa 

LtBgrflrfj 

M«re. 

In 

DcfTHofLal 

DcKTHorUm 

D.  ofLon.  1 

^1«™._ 

"     ^ooe 

68:07 

ioMtlra. 

inM«r<^ 

inSuLMiklil 

.012 

68.90 

U.658.4 

106-473.4 

66.157    i! 

.019 

68.81 

IS 

n.  669.6 

105,892,6 

66.796    I' 

.025 

68.62 

19 

11.681.1 

106,279.7 

65.415    i| 

.031 

68.48 

20 

693.3 
706.0 

l04,6.'M,8 
103,958-7 

65.015 
64.594 

.oil 

.044 
.050 

.056 
.06^ 

~8 

68.31 
69.15 
67.95 
67.73 

67.48 

21 

22 

719.2 

103,250.0 

64.154 

23 

732.9 

102,510.0 

63.695 

24 
25 

26 

747.1 
761.7 

776.7 

101.739,7 

100.938.2 
100. 105.9 

63.216 
62.718 
62.200 

.!'J4 

.18( 

67.21 
66.95 

792.2 

90.243.2 

61.664 

28 

808.3 

98.350.2 

61.109 

'.ZU 
.373 

69131 

29 

824.4 

97.427.4 

60.536 

30 

841.9 

96.474.8 

59.944    1 

31 

32 

875!  2 

59,334 
53.706 

.435 

94!48l!9 

.497 

33 

110.S92.S 

93.442.1 

58.060 

.559 

61 

43.43 

34 

910.7 

92.373.8 

57.396 

.621 

52 

42.48 

35 

928.8 

91.277.3 

56,713 

1.243 

53 

41.53 

3b 

947.2 

90.162.9 

56,016 

1.864 

~54 

40,56 

995.8 

89.001.0 

55,300 

2.485 

55 

39.58 

3i 

984.6 

87.821,6 

54.56S 

3.107 

56 

39 

111.003.5 

86,616.0 

53,819    ' 

3.728 

57 

37.58 

40 

022.6 

83.383.9 

53.033 

4.319 

58 

36.57 

41 

041.8 

84,125.1 

32,271     1 

"Ofi 

.-■9 

35.54 

42 

061.1 

82.840,8 

51.473 

5.592 

60 

3450 

43 

080.5 

81.531.1 

50.639 

1         16666 

6.213 

61 

33.45 

44 

100.0 

80.196.5 

49.830 

11000 

12.427 

62 

32.40 

45 

119.4 

78,837.3 

48-986 

12000 

18.640 

63 

31.33 

46 

138.9 

77,  ^.-a.  9 

48. 126 

13000 

24.854 

64 

30.24 

-47 

158.4 

79.046.8 

47.251 

14000 

31.007 

6.> 

29.15 

48 

177.8 

74.612.3 

46.362     ! 

15000 

37.281 

06 

28.06 

49 

197.2 

73.162,9 

45.460     i 

IGOOO 

43.494 

67 

26.96 

50 

216.^ 

71.687.0 

44.543 

Table  C,  from  Lat.  IT  to  50°,  11 
nula,  as  given  in  the  United  St 

id  D  are  from  the  same  volum 
showing  (he  length  of  a  dcgrei 
17,  and  50  to  90  degrees,  whic 
p.  103. 

ig  occasion  lo  projecl  a  map  o 
>e  .il)Ove  volume,  tables  from  p 
lUlated  for  the  United  Stales  Co 
.■  of  the  late  A.  D.  li.^CHE. 
Icnylh  of  a  de^ee  of  Longitude  i 
ir  Itiiglh  of  a  d^-^tt  en  iht  Eqm 
uU  i!  to  IJk  laigti,  of  a  .ir^ta  of  I. 
ilefitL-e  on  ih-r  Kquator  is  3651 
■-■01)21180.     I'ohr  .Semiaxis  =  S 


TABLE  XXlX.—To  Reduce  French  Litres 
to  Cubic  Feet  and  Imperial  Qallons. 

1  Utre  —  0.0353166  Cubic  Feet,  or  0.2200067 
Imperial  Gallons. 


s 

Cnbio 

2 

Feet 

1 

0.0354 

2 

.0706 

3 

.1069 

4 

.1418 

6 

.1766 

6 

.2119 

7 

.2472 

8 

.2826 

9 

.3178 

10 

.3682 

11 

.8886 

12 

.4238 

13 

.4591 

14 

.4944 

15 

.6297 

16 

.6661 

17 

.6004 

18 

.6367 

19 

.6710 

20 

.7063 

21 

.7416 

22 

.7770 

23 

.8123 

24 

.8476 

26 

.8829 

26 

.9182 

27 

.9535 

28 

.9889 

29 

1.0242 

30 

.0595 

31 

.0948 

82 

.1301 

33 

.1654 

34 

.2008 

86 

.2361 

36 

.2714 

37 

.3067 

38 

.3420 

89 

.3773 

40 

.4127 

41 

.4480 

42 

.4833 

43 

.6186 

44 

.6539 

46 

.6892 

46 

.6246 

47 

.6599 

48 

.6'.  62 

49 

.7305 

60 

.7658 

61 

.8011 

62 

.8366 

63 

.8718 

64 

.9071 

66 

.9124 

66 

.9777 

67 

2.0130 

68 

.0484 

69 

.0837 

English 

or  Imper 

Gallons. 

Litre. 

0.22Ui 

60 

.4401 

61 

.6603 

62 

.8804 

63 

1.1006 

64 

.3206 

65 

.6407 

66 

.7608 

67 

.9809 

68 

2.2010 

69 

.4211 

70 

.6412 

71 

.8613 

72 

3.0814 

73 

.3014 

74 

.6215 

76 

.4716 

76 

.9617 

77 

4.1818 

78 

.4019 

73 

.6220 

80 

.8421 

81 

6.0622 

82 

.2826 

83 

.6024 

84 

.7225 

86 

.9426 

86 

6.1627 

87 

.3828 

88 

.6029 

89 

.8230 

90 

7.0431 

91 

.2631 

92 

.4832 

93 

.7034 

94 

.9235 

96 

8.1486 

96 

.3637 

97 

.6838 

98 

.8039 

99 

9.0240 

100 

.2441 

200 

.4642 

800 

.6843 

400 

.9044 

600 

10.1244 

600 

.3446 

700 

.6646 

800 

.7848 

900 

11.0048 

1000 

.2249 

2000 

.4450 

3000 

.6661 

4000 

.8862 

6m) 

12.1063 

6000 

.8264 

7000 

.6466 

8000 

.7666 

9000 

.9867 

10000 

Cable 
Feet 


.1190 

.1643 

.1896 

2.2249 

.2603 

.2956 

.8309 

.8662 

.4015 

.4368 

.4722 

.6076 

.6428 

.6781 

.6134 

.6487 

.6841 

.7194 

.7647 

.7900 

.8268 

.8606 

.8960 

.9318 

.9666 

,8.0019 

.0372 

.0725 

.1079 

.1932 

.1785 

.2188 

.2491 

.1844 

.8198 

.8561 

.8904 

.4257 

.4610 

.4963 

3.6317 

7.0633 

10.5960 

14.1266 

17.6583 

21.1900 

2.4.7216 

28.2533 

81.7849 

85.3166 

70.6332 

106.950 

141.266 

176.683 

211.901 

247.216 

282.683 

317.849 

353.166 


Knglish  or 
Imperial 
Gallons. 


TABLE  XXX.—Foreiffn 
Weightt  and  Measures. 


equala 


18.2058 
.4258 
.6460 
13.8661 
14.0862 
.3063' 
.5264 
.7465 
.9666, 
16.1867 
.4068 
.6268 
.8470 
16.0671 
•  .2872 
.6073 
.7273 
.9474; 
17.1675! 
.8876' 
.6077 
.8278 
18.0479 
.2680 
.4881 
.70821 
.9283 
19.1484 
.3686 
.6886 
.8087 
20.0288 
.2489, 
.46901 
.6891 I 
.9692 
21.1293 
.3494 
.6695 
.7896 
22.0097 
44.0193 
166.0290 
188.0387 
110.0484 
132,0580 
154.0677 
176.0774 
198.0871 
220.0967 
440.019 
660.029 
880.039 
1100.48 
1820.68 
1540.68 
1760.77 
1980.87 
2200.97 


French, 
new  Bjstem. 

Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hectometre 

Kilometre 

Myr)ametre 

Foot(FieddeRoi) 


(C 

(( 

(C 

(( 

IC 

It 


English 
inches. 

0.089871 
0.808708 
8.9370('9 
89.87079 
893.7079 
8987.079 
89370.79 
8987079 
12.7925 


Spanish  foot    =  11.084  inches 
FTfijich    "        -=  12.7925     " 
Swedish  «        -»  11.690 
Austrian  "       »  12  448 
Lisbon    "       =  12.96 
Toise,  or  6  ft.  Fr.  »  76.785  in. 


K 
.t 


Measure. 

En/;Iand 

Acre 

Amstenlam 

Moyen 

Hamburgh 

Moyen 

Ireland 

Acre 

Naples 

Moggia 

Portugal 
Prussia 

(ieira 

Morgen 

Rome 

Pizza 

Russia 

Dessitina 

Spain, 

Fanegade 

Sweden 

Tunneland 

Scotland 

Acre 

SURFACX, 


French, 
0I4  system. 


English. 


Square  Inch     «  1.1864  inches 
Aruent  (Paris) «  000  sq.  toises 
''      (woodland)  •=  • 

100  sq.  royal  perches 

New  system. 

Are  »  100  sq.  metres 


Are 

Are 

Centare 

Decare 

Hecatare 


CAPACITY. 

Litre  taken  as  a  standard. 


Hvrialitre 

Kilolitre 

Hectolitre 

Decalitre 

Litre 

Decilitre 

Centilitre 

MiUilitre 

Litre 


=  10000 

«  1000 

»  100 

=  10 

«  1 

=  0. 

«  0 

=  0, 


litres 


u 
(I 
It 

iC 


1 

01 
001" 


It 


cubic  centimetre 


Hillifframme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hectogramme 

Kilogramme 

Milligramme 


Troy  grains. 

«  .0164 

"  .1544 

»  1.5444 

<==  154440 

«  154.4402 

-:  1544.4028 

«  15444.0284 
»  154440.2844 
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For  a  raluable  coUection  of 
tables  of  weights  and  meas- 
ures,  see  Oliver  Byrne's  Die* 
tionaiy  of  Mechanics  and  En- 
gineering. 

W 


Sq.  metre      ^  1550  85  sq.  in. 
Sq.  metre      ->  10.7688  sq.  feet 


Sq.yds. 

4840 

9722 
11546 

7840 

8998 

6970 

8058 

8158 
180666 

6500 

6900 

6150 


B>  iiv  sq.  metres 
»  1076.98  sq.  feet 
=^  1  sq.  metre 
e=  10  ares 
=  100  ares 


TABLE  XXXI.— Z>tfeAar^«  of  Water  thrtmah  New  Pgm* 
Compltod  from  Henry  D»rc7*i  Freneh  Ttbnt  of  1867. 


14  CentlBeCm. 


leOmtl 


12  C«atlinpti 


Hiet.  to 
100  net 


10.9221 
2964 
1601 
1063 
0784 


"815 

8.178 

568 

969 

4.398 


849 
6.322 

817 
6.333 

872 


617 
606 
428 
870 
326 


7.438 
8.016 
621 
9.247 
9.896 


291 
262 
239 
219 
208 

TS8 
176 
165 
155 
146 


139 

132 

125 

1201 

114 


110 
106 
101 
097 
.0094 


tnlltimj 

0.01^ 
06a 
113,' 
201! 
3141 

452| 

616| 

804;! 

1.0181 

^7l 


62r 

8l(Xi 
2.124 

46$! 
827. 


3.217^ 
632 

4.072 
536 

6.0271 


10.667 
11.259 
974 
12.711 
13.470 


14.250 
15.053 
078 
16.724 
17.593 


91 
88 
85 
82 
80 


18.484 
19.396 
20.331 
21.287 
22.266 


77 
75 
78 
71 
69 


64-ii 
6.082; 

648 
7.236 
864:: 

8.4v5it 
9.161 

862ii 
10.668? 
11.810^! 


12.076 
8681 
13.685 
14.627 
16.394 


16.286: 
17.203 
18.146 
19.113 
20.106 


67 
66 
64 
62 
60 


23.267 
24.289 
25.384 
26.401 
27.489 


38.262 
89.684 
46.456 
63.878 
61.850 


70.872 
79.448 
89.064 
99.235 
109.966 


6(> 
68 
67 
66 
65 


21.124 
22.167 
23.235| 
24.328^ 
26.446 


49 
45 
42 
38 
36 


26.591; 
27.759: 
28.9581 
80.1721 
8l.416i 


38 
31 
80 
28 
.0016 


88.U13' 

45.239 

63.093 

fil.675' 

70.686 


8u.425| 

90,7921 

101.78^ 

113.412: 

126.664! 
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TABLE 
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. —  Diicharge  of  Water 

'  through  New 

P^et. 

Compiled  trom  Henry  Darey'e  French  Tables  of  1867 

• 

18  OentimotniH. 

2(»  OttntimttrM. 

22  CenUmetrM 

24  Centimetri'S. 

26  CentimHret. 

Hgt.iD 

iiiAh'ge 

Hgt.iD 

DiMh'ge 

Ugt.  in 

Disch'r. 

Ugt  in 

W«5h'r. 

Hgt.ln 

Dlerh'r. 

100  met 

in  litroii 

lOU  met. 

inHtKfl. 

100  met 

in  litre* 

100  met 

in  Iitr«s 

100  met. 

inlitrea 

1.1670 

0.014 

1.4408 

0.016 

1.7484 

0.017 

2.0748 

0.019 

2.4850 

0.020 

9.8789 

057 

4616 

068 

0.6585 

069 

0.6647 

75 

0.7801 

082 

2027 

127 

2502 

141 

8028 

166 

8603 

170 

4229 

184 

1345 

226 

2661 

261 

2010 

277 

2892 

802 

2807 

•  827 

992 

858 

4225 

0.0964 

898 

1488 

432 

1764 

471 

2071 

611 

780 

509 

566 

1166 

622 

1888 

679 

1628 

735 

640 

698 

791 

770 

957 

847 

1139 

924 

1386 

1.001 

542 

905 

669 

1.006 

809 

1.106 

963 

1.206 

1130 

807 

469 

1.145 

579 

272 
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400 

888 

527 

0978 

664 

.412 

414 

609 

571 

616 

728 

783 

885 

860 

2.042 

868 

711 

454 

901 

650 

091 

654 

281 

768 

471 

882 

2.086 

410 

2.262 

496 

488 

590 

714 

693 

941 

802 

889 

873 

655 

452 

920 

587 

8.186 

681 

3.451 

277 

771 

848 

8.079 

414 

887 

498 

695 

579 

4.002 

256 

8.181 

816 

634 

883 

888 

456 

4.241 

635 

595 

288 

619 

294 

4.021 

856 

4.428 

423 

820 

497 

5.228 

222 

4.086 

274 

540 

882 

999 

895 

6.448 

464 

901 

208 
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6.089 

811 

6.688 

870 

6.107 

485 

6.616 

196 

5.104 

242 

671 

293 

6.288 

849 

805 

409 

7.872 
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655 

229 

6.288 

877 

912 

329 

7.540 

886 

8.168 
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6.235 

216 

927 

262 
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812 

8.818 

866 
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167 

842 

206 

7.608 

249 
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848 
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196 
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82 
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151 

8.148 

187 
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69 

10.867 

816 

11.762 
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886 

179 
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216 
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57 
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802 

12.768 

189 

9.657 

171 

10.619 

207 

11.680 

47 

12.742 

290 

18.804 
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10.806 
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199 
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87 
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28 
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128 
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18.586 
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16.095 

171 

16.605 

04 

18.114 

289 
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137 
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19.802 
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20.910 

107 

15.895 
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91 
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224 
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104 

16.843 
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18.168 

166 

19.974 

86 

21.790 

217 

28.606 

101 

17.318 

124 

19.242 

150 

21.167 

79 

23.091 

210 

25.016 

98 

18.822 

121 

2U.858 

146 

22.398 

74 

24.4^9 

204 

26.465 

95 

19.864 

117 

21.504 

142 

28.655 

69 

26.806 

198 

27.956 

92 

20.414 

114 

22  682 

188 

24.961 

64 

27.219 

93 

29.487 

90 

21.503 

111 

28.892 

184 

26.281 

60 

28.670 

87 

31.059 

87 

22.620 

108 

25.138 

131 

27.646 

55 

80.159 

82 
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85 
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105 

26.4U6 

127 

29.046 

61 

81.686 

78 

84.827 

83 

24.938 
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124 

30.480 

48 

83.261 

78 

86.022 

8] 

26.140 

100 

29.044 

121 

81.940 

44 

34.858 

69 

87.758 

79 

27.870 
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40 
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65 

89.684 

77 
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95 
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84.989 

187 
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41.361 

75 
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98 
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118 
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84 

89.886 

67 

48.210 

74 

31.229 

91 

84.699 

110 

88.169 

81 

41.639 

64 

46.109 

72 

82.572 

89 

86.191 

108 

89.810 

28 

44.429 

50 

47.049 

71 

88.944 

87 

87.715 

105 

41.487 

25 

45.268 

47 

49.080 

69 

85.843 

85 
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28 
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44 
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68 
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77 
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11 
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26 
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57 
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70 

66.549 

85 
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19 
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68 

59.780 

66 

66.866 

78 
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79.646 

10 

86.276 

49 
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60 
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78 
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86 

92.868 
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45 
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56 

88.358 

68 
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81 

106.08 
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42 
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52 

100.681 

63 
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75 
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88 

180.69 

40 

102.141 

49 

118.490 

69 

124.84 

71 
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88 

147.64 
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67 

162.68 

78 
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86 

127.588 

44 

141.765 

68 
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74 

184.80 

84 

141.872 
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13 
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19 

284 
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874 
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27 
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71 
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25 
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83 
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78 
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84  35.923!! 

8} 
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89 
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36 
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80 
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28 
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55 
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46 
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08 
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71 

23 
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60 
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11 

118.75 

65 

3318 

46 
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18 
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1 
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31 
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TABLE   XXXI.      Discharge  of  Water  through  New  Pipes. 

Compiled  from  Henry  Darcy'B  French  Tables  of  18f 
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10.6030 
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12.117 

18.846 

0.049 

2.4419 

145 

2.8850 
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3.8651 

170 

8.8820 

182 

4.4360 

195 

1.3287 

325 

1.5639 

863 

1.8241 

882 

2.1044 

410 

2.4046 

438 

0.8787 

678 

0381 

628 

2109 

679 

1.8969 

729 

1.6962 

779 

6482 

903 

0.7658 

982 

0.8932 

1.060 
627 

0306 

1.139 

1716 

1.217 

6097 

301 

6022 

414 

70424 

0.8104 

640 

0.9260 

753 

4188 

770 

4942 

924 

6764 

2.078 

6650 

2.232 

7599 

2.886 

8538 

2.812 

4180 

2.518 

4875 

714 

6628 

916 

6427 

8.116 

8060 

926 

3616 

8.181 

4217 

8.485 

4865 

8.689 

6629 

944 

2603 

613 

3182 
2839 

927 

3712 

4.241 
5.131 

4282 

4.655 

4893 

4.869 

2403 

372 

4.762 

3312 

3821 

6.611 

4366 

5.892 

2168 

6.202 

662 

5.655 

2988 

6.107 

3448 

6.559 

8939 

7.012 

1970 

6.106 

833 

6.637 

2721 

7.167 

8139 

7.698 

8587 

8.229 

1812 

7.081 

141 

7.697 

2497 

8  818 

2881 

8.928 

8292 

9.644 

1674 

8.129 

1978 

8  836 
10.053 

2307 

9.543 
10.857 

2661 

10.249 

8041 

10.966 

1655 

9.249 

837 

2143 

2472 

11.661 

2825 

12.465 

1452 

10.441 

715 

11.349 

2000 

12.257 

2808 

18.165 

2687 

14.078 

1861 

11.686 

608 

12.723 

1876 

18.741 

164 

14.769 

2472 

15.777 

1281 

13.042 

614 

14.176 

765 

16.310 

037 

16.446 

2327 

17.679 

1210 

14.451 

429 

15.708 

667 

16.966 
18.703 

1923 

822 

18.221 

2198 

19.477 

1146 

15.938 

854 

17.318 

679 

20.089 

2082 

21.474 

1088 

17.486 

286 

19.007 

600 

20.627 

730 

22.047 

1978 

28.568 

1086 

19.112 

225 

20.774 

428 

22.435 

648 

24.097 

883 

26.769 

0999 

20.810 

169 

22.620 

865 

24.429 

672 

26.239 

797 

28.048 

946 

22.580 

118 

24.644 

304 

26.607 

603 

28.471 
30.793 

71» 

80.484 

906 

24.423 

071 

26.547 

249 

28.670 

441 

646 

32.917' 

870 

26.388 

028 

28.628 

199 

30.918 

883 

38.208 

680 

36.498 

836 

28.325 

0988  30.788 

162 

38.261 

829 

36.718 

619 

38.177 

805 

30.384 

951 

33:026 

109 

35.668 

280 

88.810 

462 

40.952 

.0776 

32  516 
34.719 

.0917 

885 

35.843 

37.738 

.1070 

38.170 

.1284 

40.997 

.1410 

43.825 

749 

82 

40.757 

191 

43.777 

361 

46.795 

724 

36.995 

865 

40.212 

998 

43.429 

161 

46.646 

816 

49.863 

700 

39.844 

28 

42.766 

65 

46.186 

114 

49.607 

273 

63.029 

678 

41.764 

02 

45.396 

85 

49.027 

079 

52.669 

238 

66.291 

68 

44.257 

777 

48.106 
50.894 

06 

51.964 
54.965 

46 

65.803 
59.037 

196 
160 

59.651 
63.108 

88 

46.822 

64 

0880 

15 

20 

49.460 

82 

53.761 

64 

58.061 

0986 

62.362 

126 

66.663 

08 

52.169 

12 

56.706 

80 

61.242 

68 

65.779 

1096 

70.815 

686 

54.951 

693 

69.780 

08 

64.508 

82 

69.286 

66 

74.005 

71 

57.805 

74 

02.832 
66.018 

786 

67.868 
71.294 

07 

72.«86 
76.'575 

87 

77.911 

56 

60.732 

67 

66 

884 

10 

81.866 

42 

63.781 

40^ 

69.273 

47 

74.814 

62 

80.866 

0984 

86.897 

29 

60.802 

26 

72.611 

28 

78.419 

40 

84.228 

960 

90.087 

16 

69.944 

10 

76.027 

11 

82.109 

20 

88.191 

937 

94.273 

04 

73.160 
70.648 

695 

82 

79.522 
83.096 

694 

85.883 
89.743 

801 

92.246 

915 

98.607 

492 

78 

783 

96.391 

894 

103.04 

81 

79.808 

69 

86.748 

63 

93.687 

65 

100.63 

874 

107.67 

71 

83.240 

66 

90.478 

49 

97.716 

48 

104.95 

855 

112.19 

61 

86.745 

44 

94.288 

85 

101.88 

82 

109.37 

887 

116.92 

61 

08 

90.321 
109.29 

83 

98.176 

22 

106.08 
128.80 

17 

118.88 
137.80 

819 

121.74 

482 

118.79 

663 

649 

742 

147.80 

373 

130.06 

41 

141.37 

14 

162.68 

93 

163.99 

677 

175.80 

43 

152.64 

05 

165.92 

473 

179.19 

646 

192.46 

628 

206.74 

18 

177.03 

876 

192.42 

88 

207.82 

05 

228.21 

677 

238.60 

296 

203.22 

60 

27 

220.89 
251.33 

08 

238.67 
271.43 

470 

266.24 

587 

278.91 

77 

231.22 

881 

40 

291.64 

608 

811.66 

60 

261.03 

07 

283.73 

68 

'306.42 

13 

329.12 

472 

861.82 

45 

292.64 

291)818.09 

88 

343.63 

90 

368.98 

445 

894.48 

82 

326.06 

274  354.41 

820 

382.76 

.    69 

411.12 

421 

489.47 

.0220  361.28 

.0260  882.70 

.0303  424.12 

.0350 

465.63 

.0400<  486.96 

263 


I 


TABLE   XXX{.-^Di*charffe  of  Waitr  through  New  F^n.             \ 

Compiled  fhmi  Henry  I>arDj*e  Freneh  Tablea  of  1857.  . 

r^f^t'] 

r  p«rMH> 

fO  Ctforlmxtreii. 

70  OntlroetrMi. 

74  Ceniimelres. 

78  CentioMCraiL 

iMaui. 

ArattOl 

U^in 

^IfchK** 

HffC  lu 

Ubch'Kc 

ligt.io 

]>iMh'Ke 

Hirt.tB 

Dfaek'gi 

% 

Metre 
0.01 

wHloii 
0.0001 

tOUmet. 

lo  litres. 

?00  m^L 

In  lltTM. 

100  met. 

in  lltTM. 

100  met. 

iailtzw 

t 

16.89U 

0.062 

17.650 

0.055 

19.725 

0.059 

21.915 

0.06] 

2 

OS 

5.0268 

207 

5.6547 

220 

6.8193 

282 

7.0209 

245 

8 

07 

2.7249 

467 

3.0652 

495 

8.4255 

528 

8.8050 

551 1 
98(^ 

4 

18 

1.8088 

829 

2.0847 

880 

2.2789 

930 

2.5264 

6 
6 

20 

1.8343 

1.296 

1.6010 

1.874 

1.6774 

1.458 

1.8687 

1.5SS 

J! 

28 

1.0498    1.8t)b 

1.1804 

979 

8191 

2.092 

4656 

2.auc 

7 

88 

0.8611 

2.640 

0.9686 

2.694 

0825 

848 

2027 

8-002^ 

8 

60 

7288 

8.817 

8192 

8.519 

0.9155 

8.719 

0172 

921i 

9 

61 

6800 

4.199 

7086 

4.468 

7919 

4.70V 

0.8799 

4.962H 

10 
11 

79 

6544 

6.183 
6.272 

6287 

6.498 

6970 

5.811 

7744 

6.126 

96 

4947 

5565 

6.652 

6219 

7.032 

6910 

7.412 

12 

118 

4464 

7.464 

6021 

7.917 

5611 

8.369 

6284 

8.821 

18 

188 

4065 

8.760 

4572 

9.291 

5110 

9.822 

6677 

10.353: 

14 

164 

8780 

10.159 

4196 

10.776 

4689 

11.391 

6210 

12.007|i 

16 
16 

177 

8446 

11.663 

8876 

12  370 

4882 

18.077 

4818 

18.783 

t 

201 

8201 

13.270 

601 

14.074 

4024 

14.079 

471 

15.683 

* 

17 

227 

2988 

14.981 

862 

15.889 

8757 

16.796 

174 

17.704 

. 

18 

264 

802 

16.795 

152 

17.813 

522 

18.831 

8913 

19.849 

t 

19 

284 

687 

18.718 

2966 

19.847 

815 

20.981 

683 

22  115 

20 
21 

814 

490 

20.784 

801 

21.991 

181 

28.247 

478 

24.504 

84(5 

869 

22.859 

654 

24.245 

2966 

25.63  i 

295 

27.016 

• 

22 

880 

241 

26.089 

521 

26.609 

817 

28.129 

180 

29.650 

28 

416 

184 

27.421 

400 

29.083 

682 

80.745 

2980 

82.407 

24 

462 

086 

29.867 

290 

81.667 

560 

33.477 

844 

35.286- 

26 

2b 

491 

1947 

32.897 

190 

84.861 

448 

36.825 

720 

88.288 
41.412. 

681 

866 

36.041 

098 

87.165 

845 

89.289 

606 

27 

678 

791 

87.789 

014 

40.079 

251 

42.869 

501 

44.659 

28 

616 

721 

40.689 

1986 

48.108 

164 

45.565 

404 

48.029 

29 

661 

657 

48.694 

864 

46.286 

083 

48.878 

815 

51.521 

• 

80 
81 

.0707 

.1698 

46.668 

49.8o9 

.1797 

49.480 

.2008 

52.807 

.2281 

55. 135; 

766 

542 

785 

52.834 

1939 

55.853 

154 

68.871 

82 

804 

490 

53.080 

677 

56.297 

874 

59.514 

082 

62.781 

88 

866 

442 

56.449 

622 

59.871 

813 

63.292 

014 

66.718J 

84 

908 

897 

69.923 

671 

68.555 

756 

67.186 

1951 

70.817 

86 

3t> 

962 

364 

63.499 

623 

67.848 

702 

71.196 

891 

75.045 
79.394 

1018 

iJ14 

67.179 

478 

71.251 

652 

75.323 

885 

87 

1076 

276 

70.964 

486 

75.265 

604 

79.565 

782 

83.866 

» 

88 

1184 

240 

74.861 

895 

79.888 

659 

83.925 

788 

88.461 , 

89 

1196 

207 

78.848 

857 

88.622 

617 

88.899 

685 

93.178 

40 
41 

1267 

176 

82.938 

821 

87.965 

477 

92.991 

641 

98.017' 

1820 

144 

87.137 

287 

92  418 

439 

97.699 

598 

102.98 

42 

1886 

116 

91.489 

255 

96.982 

402 

102.52 

558 

108.07 

48 

1462 

088 

66.845 

224 

101.66 

868 

107.46 

520 

118  27 

44 

1621 

062 

100.86 

195 

106  44 

885 

112.52 

488 

118.60 

46 
46 

1690 

087 

104.97 

167 

111.38 

804 

117.69 

449 

124.05 

1662 

014 

109.69 

140 

116.83 

274 

122.98 

416 

129.63 

47 

1785 

0991 

114.51 

115 

121.45 

246 

128.29 

884 

185.82 

48 

1810 

969 

11948 

090 

126.67 

218 

138.91 

854 

141.16 

49 

1886 

948 

124.46 

067 

132.00 

192 

189.55 

825 

107.091 

60 
66 

1964 

928 

129.59 

044 

187.45 

167 

145.80 

297 

153.15 
186.82' 

2876 

840 

156.81 

■  0945 

166.81 

056 

175.81 

174 

60 

2827 

767 

186.61 

863 

197  92 

0966 

209  23 

072 

220  54i 

66 

8818 

706 

219.01 

794 

282.28 

888 

245.56 

0986 

258.83: 

70 

8848 

654 

254.00 

786 

269.39 

822 

284.79 

918 

800.18, 
844.601 

76 

80 

4418 

609 

291.58 

685 

309.25 

766 

826.92 

851 

6027 

670 

831.75 

641 

351.86 

716 

871.97 

796 

892.07 

t 

86 

6676 

686 

874.52 

602 

897.22 

673 

419.91 

748 

442.61 

90 

6362 

606 

419.88 

668 

445.22 

684 

470.77 

705 

496.22 

96 

7088 

477 

467.82 

637 

496.18 

600 

524.53 

667 

552.88 

1.00 

.7864 

.0458 

618.86 

.0510 

549.78 

.0569 

581.20 

.0688 

612.61 

254 


TABLE  XXXI.  — Z>McAar^«  of  W^ter  through  ITew  P^et. 

.    Compiled  ftrom  Henry  Darey's  Freneh  Tables  in  lfi67. 

82  CeDtim«tr«s.  { 

8b  Centimetres.  | 

tfu  UenUmwiivti.  \  V^CeatlmainMi. 

98  CtfiiUmeins.  | 

HgLio 

DlKh*ff 

UgCin 

Db-cb'ge 

Hgt  in 

Diseb'ge 

Hgt  In 

Disefa'ite 

Hgt  in 

DiBcb'ge 

100  met 

In  litrm 

100  met 

In  lilreii. 

100  met 

In  litres. 

100  met 

inlttrM. 

KH)  mAf. 

in  litres 

24.220 

0.064 

26.640 

0.068 

29.176 

0.071 

31.827 

0.074 

34.694 

0.078 

7.7694 

268 

8.6360 

270 

9.3474 

288 

10.197 

296 

11.088 

307 

4.2062 

680 

4.6266 

608 

6.0670 

636 

6.6274 

664 

6.0078 

693 

2.7921 

1.080 

3.0712 

1.081 

8.3636 

1.181 

3.6691 

1.181 

3.9881 

1.232 

2.0697 

610 

2.2666 

689 

2.4812 

767 

2.7066 

846 

2.9418 

924 

1.6197 

2.319 

1.7816 

2.482 

1.9612 

2.646 

2.1286 

2.668 

2.3136 

2.771 

8292 

8.166 

4620 

8.810 

6012 

8.464 

1.7467 

8.618 

1.8986 

3.771 

1242 

4.121 

2866 

4.323 

8642 

4.624 

4773 

4.726 

6067 

4.926 

0.9724 

6.217 

0696 

6.471 

1714 

6.726 

2778 

6.980 

8889 

6.234 

8668 

6.440 

0,9414 

6.764 

0310 

7.068 

1246 

7.383 

2224 

7.697 

7687 

7.798 

840U 

8.178 

0.9199 

8  663 

086 

8.933 

0907 

9.813 

6890 

9.274 

7679 

9.726 

8800 

10.179 

9064 

10.631 

0.9841 

11.088 

6274 

10.884 

6902 

11.416 

7668 

11.946 

8246 

12.477 

8962 

18.007 

6768 

12.628 

6883 

13.229 

6936 

13.864 

7667 

14.470 

8224 

16.086 

6819 

14.491 

6869 

16.197 

6407 

16.904 

6990 

16.611 

7697 

17.818 

4941 

16.487 

486 

17.291 

6962 

18.096 

498 

18.89V 

7068 

19.704 

618 

18.612 

078 

19.620 

667 

20.428 

462 

21.336 

6689 

22.244 

826 

20.866 

4767 

21.884 

210 

22.902 

688 

23.880 

6177 

24.938 

071 

23.249 

477 

24.383 

4904 

26.618 

649 

26.661 

6814 

27.786 

8844 

26.761 

228 

27.017 

631 

28.274 

062 

29.681 

491 

80.787 

641 

28.401 

006 

29.787 

387 

31173 

4786 

82.667 

2U1 

33.943 

469 

81.171 

8804 

82.691 

167 

34  212 

646 

36.732 

4940 

87.263 

298 

84.069 

628 

36.731 

3967 

37.393 

828 

39.066 

704 

40.717 

143 

87.096 

467 

88.206 

786 

40.716 

130 

42.626 

489 

44.384 

006 

40.261 

806 

4!2.216 

621 

44.177 

3960 

46.142 

293 

48.106 

2880 

48.636 

168 

46.660 

469 

47.684 

3784 

49.907 

113 

62.081 

764 

46.949 

040 

49.239 

830 

61.630 

682 

63.820 

8948 

66.110 

667 

60.491 

2923 

62.966 

201 

66.418 

492 

67.881 

796 

60.343 

668 

64.163 

814 

66.806 

082 

69.447 

862 

62.089 

664 

64.731 

.2466 

67.962 

.2718 

60.789 

.2971 

68.627 

.8241 

66.445 

.3622 

69.272 

881 

61.891 

618 

64.910 

868 

67.929 

128 

V  0.948 

402 

73.967 

801 

66.948 

681 

69.166 

771 

72.382 

023 

76.699 

286 

78.816 

226 

70.186 

448 

73.666 

681 

76.977 

2926 

80.89^ 

179 

83.819 

166 

74.449 

871 

78.081 

697 

81.713 

883 

86  846 

079 

88.976 

090 

78.898 

299 

82.741 

618 

86.690 

747 

90.439 

2982 

94.287 

028 

88.466 

231 

87.637 

443 

91.609 

666 

96.680 

897 

99.762 

1970 

88.167 

167 

92.468 

873 

96.769 

689 

101.07 

814 

106.37 

916 

92.997 

106 

97.684 

807 

102.07 

616 

106.61 

735 

111.14 

863 

97.967 

049 

102.74 

244 

107.61 

448 

112.29 

661 

117.07 

818 

108.10 

1996 

108.07 

184 

118.10 

883 

118.13 

690 

123.16 

767 

108.26 

948 

113.64 

128 

118.82 

821 

124.10 

62d 

129.39 

722 

118.61 

804 

119.16 

074 

124.69 

263 

180.23 

460 

186.77 

680 

119.08 

848 

124.89 

024 

130.70 

207 

136.61 

399 

142.82 

640 

124.68 

803 

130.77 

1976 

136.86 

164 

142.93 

342 

149.01 

601 

130.42 
136.38 

761 

136.78 

929 
886 

148.14 

104 

149.60 

287 

166.86 

664 

721 

142.92 

149.67 

066 

166.22 

236 

162.87 

629 

142.27 

682 

149.21 

842 

166.16 

010 

163.09 

186 

170.03 

496 

148.38 

646 

166.62 

802 

162.86 

1966 

170.10 

187 

177.34 

464 

164.68 

610 

162  17 

764 

169.72 

924 

177.26 

091 

184.80 

488 

161.01 

672 

168.86 
204.32 

727 

176.72 

888 

184.67 
223.33 

047 
1863 

192.42 

297 

194.82 

427 

663 

213.83 

706 

282.83 

186 

231.86 

203 

243.16 

427 

264.47 

667 

266.78 

692 

277.09 

090 

272.10 

199 

2^5.38 

813 

298  65 

433 

311.92 

667  326.20 

010 

316.67 

110 

880.97 

216 

846.37 

327 

361.76 

442 

377.16 

0940 

862.27 

034 

879.94 

182 

397.61 

236 

416.28 

348 
266 

432.96 

8t9 

412.18 

967 

432.28 

069 

462.69 

166 

472.60 

492.60 

826 

466.31 

909 

488.01 

996 

610.71 

086 

633.40 

180 

666.10 

779 

621.66 

867 

647.11 

939 

672.66 

024 

698.00 

113 

628.46 

787 

681.24 

811 

609.69 

888 

637.94 

969 

666.29 

063 

694.66 

.0699  644.08 

.0769 

676.44 

.0842  706.86 

.0919 

738  281 

.0999 

769.69 

266 


TABLE  XXXl.'-Dueharfft  of  Water  through  New  Pipes. 
Compiled  from  Henry  IHroy's  French  Tablet  of  1857. 


Wjix*' V  per  !<«<•. 

I>iain.'  Area  ot 
M(>tre  aection. 


\\*'Z  (>titi'ii<*f r>'!* 

llgl.  Ill     lilM-ti  Ke 
lOU  met   lo  litivs 


lUt)  i/eoriinerivii.  j 
liftt.  ill  I  LrtM-hyc' 


liu  CeniimetreB. 


o.oi:o.O(X)ij 

2i    03! 
si    07, 

4t    13! 


y 

7 

8 

9 

10 


20| 

'28 
38 
50 
64 
79 


11 
12 
13 
14 

In 
17 
18 
19 
20 

21 
22 
23 
2\ 
25^ 

"2<» 
27 
28 
29 
80 


95 
113 
133 
154 
177 


37.475, 
12.006! 
6.50831 
4.8208; 
3.18701 

05661 

1.7394i 

5046* 

3242 


0.080 
820 
721 

1.282 
^.003 

884 
8.925 


iifcw.  Ill   I  uvKU  |er|  (i|((. 

ItMi  nM'T.  in  lltreii.  100  n 


Hgt.  in  ,  Dljchge 
100  m^t.'in  htrmtlOO  met  ;la  lit 


114  CeDtnn^trra> 
IlKt.  in  >  fM^^lTi^ 


.1 


1, 


40.472 
12.966 
7.02871 
4.6658' 
3.4418 

2T7li6()j 

2.221 !( 

1.8786] 

62491 

4391! 

1816.  "9.6931  2761, 

1614 

0485 

0.9621 

8888' 


5.12St 

6.4891 
8.011 1 


0.083' 

833 

749 

1.832 

^08J 

9U7 
4.079 
5.827 
6.743 
8.825 


066 1'  n.53() 
9708, 13.638i 
89091  15.702i 
8230i  I8.025I 


31 
32 
83 
84 
J?5 

3() 
37 
38 
89 

40 


41 
42 

43 
44 
45 

"46 
47 
48 
49 
50 


55 
60 
65 
70 
75 


80 
85 
90 
96 
1.00 


201 
227 
264 
284 
_314 
346 
380 
415 
4521 
491 1 

~5:U 
673 
616 
661 

^707 

755 
804 
855 
908 
962 

To  18 

1075 
1134 
1 195 
1257 


7»»45,  2o.oO^ 
7137:23.152 
6692  25.956 
6298  28.920 
_5948  32.044 

~634  35.321»j 
852  38.773 
096  42.379 

4863' 46.144 
651  50.07(^1 
456  54  15') 
277  5H.401 
111  62.807 

8958'  67.374 
^3816' 72^100 

"683176.987 
560:  82.033 
444i  87.241 
836  92.608 
234' 98.136 

~i38  103782 


1U.072 
11.988 
14.069 
16.318 
18^81 

8257i  21.312 
7708i  24.060 
7227126.973 
6802;  30.053 
6424  33.300 

"60851  ;s6.7 15 

5780'  40.294 

5031  44.041 

252 i  47.953 


023 1  52.032 

"48121567278 
619;  60.691 
440!  66.270 
275170.015 

■4121 1  74.928 

39T8;  80206 
844185.250 
720j  90.661 
603196.238 
493!  101.98 


1320 
1885 
1462 
1621 
J  690 

"1602 
1785 
1810 
188t 
1964 

"2376 
2827 
3318 
3848 

_44 18 

5027 
5675 
6362 
7088 
.7854 


048' 
29631 

8821 
_8vi6i 

733 
665 
596 
537 

477 


109.67 
115.68 
121.25 
128.18 


421 
867 
315 
265 
_2jJ 

~U07 

1833 

687 

562 

_455 

"~361 
278 
205 
140 

.1082 


134.67 
141.32 
148.13 
155.09 
162.23 


38U 
292! 
200; 
113 
0301 


107.81^ 

113.9 

120.22 

126.63 

188.20 


^1^0  Ml 

878, 
807 1 
740; 

6761 


139.95 
146.86 
163.98 
161.18 
168.69 


160.52 

614 

176.97 

566 

184.68 

500 

192.36 

446 

200.28 

895 

242.34 

•168' 

288.40 

1980 

338.47 

822 

392.54 

687 

460.62 

571 

513.71 

470 

578.8(» 

881 1 

648.90 

802 

723.00 

232 

801.11 

.1168 

176.16 
183.90 
191.81 
199.89 
208. 13 

25V.  8l 
299.71 
316.74 
407.94 
468/29 

532782 
601.60 
674.34 
751.36 
882J52 

266^ 


43.584 
18.964 
7.5692 
5.0245 
3.7065 

2.9T48 
3919 
0280 

1.7499 
5401 


0.086 

846 

778 

1.882 

2.160 


3.  IK 
4.283 
5.529 
6.998 
8.639 


3742 
23991 
1291' 
1362[ 
a 9571! 

~8892 
8301 
7783] 
73251 
6918| 

553 
224! 
6927! 
656: 
409 


10.454 
12.441 
14.601 
16.983 
19.439 

22.IT7 
24.968 
27.992 
81.188 
34.568 

38.100 
41.815 
45.702 
49.763 
58.996 


46.812 
14.997 
8.1297 
5.8966 
3^9809 

1306 
2.5690 

1728 
1.8795 

6541 


358 

806 

1.433 

2.238 


182 

4974 

781 

603 

.4438 


58.402 
62.981 
67.733 
72.657 
77.755 


2841 
140, 
006. 
880i 
_761' 

6r^)' 
545; 
446! 
3621 
263 1 

179' 
098 
023 
2950 
881 


815 
752 
692 
634 
579 


834 
182 

1962 
817 

_692 

~683 
487 
142j 
826 

,12581 


S3.026 
88.467 
94.083 
99.071 
105^83 

riX97 
118.27 
124.75 
181.41 
^38^ 

T4o:28 
162.40 
159.74 
167.26 
274.96 

18"2:8T 
190.85 
199.05 
207.43 
215.99 


261.34 
511.02 
366.01 
423.3.^ 
485  97 


552.92 
624.20 
699.79 
779.71 
863.94 


4760 
8317 
2127 
1129 
0280 


3.J28 
4.887 
6.781 
7.251 
8953 


..  'I 


1U.832  1 

12.892 

15.IS1: 

17.M8N 

20.145 ; 


9550 
8916 
8369 
7868 
7430 


22.920 1 
25.876 1 
29.009  \ 
32.821 1 
36.814 


7038 
6685 
6365 
6075 
5809 


5566 
5342 
6135 
4944 
.4766 


4601 
4447 
4802 
4167 
4040 


39.485 
48.834 
47.365 
61.571 
55.960 

60.526 
66.271 
70.196 
75.299 
80.582 


86.044 
91.682 
97.605 
108.50 
109.68 


8920 
8807 
8701 
8600 
8606 


8414 
8828 
8247 
3169 
3095 


3024 
2956 
2891 
2830 
2770 


2607 
2289 
2107 
1951 
1817 


1700 
1697 
1506 
1424 
.1351 


1 16.04 
122.57 
129.29 
136.18 
143.26 

TMSl 
167.94 
165.55 
17S.34 
181.31 


189.461 

197.78] 

206.29 

214.98 

228.84 


270.84 
322.33 
378.29 
438.72 
508.64 


673.03 
646.89 
725.24 
808.06 
895.86 


TABLE  lOai.—Diseharffe  of  Water  through  New  P^es. 

Compiled  from  Heniy  Darcy^B  French  Tables  of  1867. 

118  OeiiUmetne. 

122  Centiinetna.  | 

126  Centimetres.! 

ISO  Centimetres. 

184  Centimetres. 

Ugt.in  Dlach'sre 

HKt.ln 
100  met 

Disch'ge 

Hgtin 

Disch'ge 

Hgt.in 

Disch'ge 

Hgthi 

Disch'ge 

100  met. 

InlitTOB. 

In  Utres. 

100  met. 

inUtroe. 

100  met.  In  litres. 

100  met 

in  litres. 

50.164 

0.098 

58.612 

0.096 

57.186 

0.099 

60.874 

0.102 

64.678 

0.106 

16.068 

0.871 

17.176 

0.888 

18.821 

0.896 

19.508 

0.408 

20.721 

0.421 

8.7102 

0.884 

9.8107 

0.862 

9.9813 

0.891 

10.672 

0.919 

11.232 

0.947 

5.7819 

1.483 

6.1806 

1.588 

6.6925 

1.583 

7.0177 

1.684 

7.4662 

1.684 

4.2652 

2.817 

4.5698 

2.895 

4.8681 

2.474 

6.1768 

2.558 

6.6003 

2.681 

8.8542 

8.836 

3.5864 

8.449 

8.8244 

3.563 

4.0710 

8.676 

4.8256 

8.789 

2.7624 

4.541 

2.9482 

4.695 

8.1883 

4.849 

8.^3407 

6.008 

3.5594 

6.167 

2.8279 

5.981 

4884 

6.182 

2.6548 

6.338 

2.8265 

6.535 

3.002a 

6.736 

2.0187 

7.606 

2.1526 

7.761 

2.2960 

8.015 

4440 

8.270 

2.5968 

8.625 

1.7722 

9.267 

1.8944 

9.582 
11.594 

2.0207 

9.895 

1510 

10.210 

2.2864 

10.628 

6814 

11.212 

6904 

8081 

11.974 

1.9193 

12.354 

0393 

12.784 

4268 

18.844 

5252 

18.797 

6268 

14.260 

7318 

14.703 

1.8400 

16.164 

2998 

16.661 

8889 

16.192 

4816 

16.723 

6770 

17.256 

6766 

17.786 

1924 

18.164 

2746 

18.781 

8596 

19.896 

4472 

20.012 

5876 

20.626 

1.1014 

20.851 

1.1774 

21.558 

1.2558 

22.266 

8868 

22.978 

1.4204 

28.679 

0282 

28.724 

0988 

24.629 

1666 

25.332 

2419 

26.138 

8196 

26.942 

0.9552 

26.784 

0211 

27.691 

0891 

28.600 

1694 

29.607 

2818 

80.416 

8956 

80.027 

0.9574 

81.046 

0212 

32.068 

0870 

38.081 

1649 

84.099 

8429 

88.457 

9011 

84.590 

0.9611 

86.726 

0281 

86.869 

0870 

87.993 

7960 

87.070 

8609 

88.827 

9076 

39.582 

0.9662 

40.841 

0265 

42.096 

7540 

40.871 

8060 

42.256 

8598 

48.641 

9152 

46.027 

0.9724 

46.411 

7162 

44.854 

7656 

46.876 

8166 

47.896 

8698 

49.417 

9286 

60.938 

6820 

49.026 

7290 

50.688 

7776 

52.849 

8278 

64.012 

8796 

56.678 

6509 

58.888 

6957 

65.192 

7421 

57.001 

7899 

58.811 

8898 

60.619 

6224 

57.924 

6658 

59.887 

7097 
6799 

61.861 
66.896 

7564 

68.814 
69.021 

8027 

66.776 

5963 

62.648 

6375 

64.778 

7238 

7690 

71.144 

6724 

67.561 

6118 

69.862 

6626 

72.141 

6947 

74.482 

7381 

76.728 

5502 

72.668 

5881 

75.122 

6278 

77.586 

6678 

80.048 

7096 

82.610 

5297 

77.941 

6662 

80.688 

6040 

88.225 

6429 

86.868 

6881 

88.509 

0.5107 

88.408 

0.5469 

86.237 

0.6828 

89.064 

0.6198 

91.892 

6586 

94.720 

4980 

89.064 

61^69 

92.082 

5621 

&5.100 

5983 

98.120 

6857 

101.14 

4764 

94.900 

5098 

98.117 

6482 

101.88 

6782 

104.66 

6144 

107.77 

4609 

100.98 

4927 

104.85 

5256 

107.77 

6595 

111.19 

6944 

114.61 

4464 

107.18 

4772 

110.77 

5090 

114.40 

6419 

118.08 

6767 

121.66 

4828 

118.58 

4627 

117.88 

4935 

121.28 

5263 

125.08 

6581 

128.92 

4200 

120.11 

4490 

124.18 

4789 

128.25 

6098 

132.82 

6416 

186.89 

4079 

126.87 

4860 

181.18 

4661 

185.48 

4961 

189.78 

6260 

144.08 

8965 

188.88 

4288 

188.86 

4621 

142.90 

4818 

147.44 

6118 

161.97 

8857 

140.96 

4128 

146.74 

4898 

160.52 

4682 

155.80 

4974 

160.08 

8755 

148.28 

4014 

158.81 

4281 
4171 

168.84 

4568 

168.86 

4842 

168.89 

8658 

155.79 

8910 

161.07 

166.85 

4440 

171.63 

4717 

176.92 

8566 

168.48 

8812 

169.08 

4066 

174.57 

4828 

180.11 

4599 

186.66 

8478 

171.86 

8718 

177.17 

8966 

182.98 

4222 

188.79 

4486 

194.69 

8895 

179.42 

8629 

186.50 

8871 

191.69 

4121 

197.67 

4878 

208.76 

0.8816 

187.67 

0.8544 

194.08 

0.8780 

200.40 

4024 
8932 

206.76 

0.4276 

218.12 

8240 

196.11 

tm 

202.75 

3694 

209.40 

216.06 

4177 

222.70 

8167 

204.72 

8886 

211.66 

8611 

218.60 

8844 

225.64 

4084 

282.48 

8098 

218.58 

8811 

220.77 

8582 

228.01 

8760 

286.24 

8996 

242.48 

8082 

222.62 

8241 

280.06 

8467 

287.60 

8679 

245.14 

8900 

262.69 

2968 

281.69 

8178 

289.55 

8884 

247.40 

8602 

266.26 

8827 

268.11 

2686 

280.86 

2^^1 

289.85 

8068 

299.3& 

8260 

808.86 

8464 

318.36 

2458 

888.64 

2622 

844.95 

2797 

856.26 

2978 

867.67 

8164 

878.88 

2288 

891.56 

2418 

404.84 

2574 

418.11 

2740 

481.88 

2911 

444.66 

2091 

454.12 

2286 

469.51 

2884 

484.91 

2637 

500.80 

2696 

615.69 

1947 

621.81 

2081 

688.98 

2210 

666.66 

2868 

574.82 

2610 

691.99 

1821 

598.18 

1947 

618.24 

2077 

688.86 

2210 

658.45 

2849 

mM 

1711 

669.69 

1829 

692.29 

1951 

714.99 

2077 

737.69 

2206 

760.88 

1618 

750.69 

1726 

776.18 

1889 

801.68 

1968 

827.08 

2080 

852.47 

1526 

886.41 

1681 

864.76 

1740 

898.12 

1862 

921.47 

1968 

949.81 

0.1447 

926.77|0.1648l  968.19 

0.1651 

989.60 

0.1767I1021.(^ 

0.1867 

1063.44 
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TABLB  XXXL-^Diachargi 

$  of  Water  tkrcugk  New  Pipee.            \ 

Compiled  from  Hcnrj  DitjH  Fmeh  Tabki  of  1867.                        | 

Veloc'i 

rperwr 

138  Geatlmetivs.  | 

142  OentlowtrM.  | 

146  Cuitlmetrea. 

160  OsBdmoCraL  \ 

DUuii.1 

Ana  of 

llgt.lQ 

mach'r. 

Hgtln 

Dbch'fe 

Hgtln 

Diieh'r. 

Uftin 

iMKh'B., 

Metre  1 
0.01 

•ectioD. 

too  met 

inlltrM 

100  met. 

in  litres 

100  met 

inUtrae 

100  met 

iDlltiw. 

0.0001 

68.696 

0.108 

72.681 

0.112 

76.780 

0.116 

81.045 

0.11^ 

2 

08 

21.977 

0.484 

28.269 

446 

24.599 

0.469 

25.966 

0.47li 

8 

07 

11.918 

0.976 

12.613 

1.004 

18.834 

1.082 

14.076 

1.060( 
1.8861 

4 

18 

7.9080 

1.784 

8.8781 

1.7848.8516 

1.885 

9.3481 

5 
6 

20 

6.8836 

2.710 

6.1766 

2  7886,6296 

2.867 

6.8922 

2.945 

28 

4.5873 

8.9u;i 

4.8678 

4.0155.1848 

4.128 

6.4200 

4.241 

7 

88 

8.7645 

6.811 

8.9869 

5.405 

4.2186 

5.619 

4.4477 

6.77« 

8 

50 

8.1839 

6.987 

8.8712 

7.138 

8.5688 

7.889 

8.7617 

7.540» 

9 

64 

2.7641 

8.777 

2.9161 

9.088 

8.0827 

9.287 

8.2689 

9.548 
11.781 

10 
11 

79 

2.4239 

10.889 

2.6666 

11.158  2.7181 

11.467 

2.8688 

95 

2.1628 

13.114 

2.2900 

13.496 

2.4809 

18.874 

2.5558 

14.255^ 

12 

113 

1.9619 

15.608 

2.0662 

16.606 

2.1848 

16.512 

8066 

16.965 

13 

133 

7771 

18.815 

1.8816 

18.849 

1.9891 

19.879 

0996 

19.910* 

14 

164 

6808 

21.242 

7267 

21.859 

1.8264 

22.474 

1.9266 

28.091 

16 
16 

177 

6064 

24.387 

6950 

26.093 

1.6862 

25.799 

1.7798 

26.507t] 

201 

8995  27.746 

4818 

28.601 

6664 

29.854 

6584 

80.159 
84.047' 

17 

227 

8065 

31.324 

8883 

32.231 

4623 

88.140 

6486 

18 

254 

2249 

85.115 

2976 

86.185 

8711 

87.161 

4472 

88.170 

19 

284 

1529 

39.125 

2207 

40.261 

2904 

41.896 

8621 

42.629 

20 

21 

814 

0887 
0813 

48.864 

1628 

U920 

44.610 

2186 

45.866 

2868 

47.124 

84ti 

47.797 

49.184 

1544 

50.669 

n^ 

51.964 

22 

880 

0.9796 

52.468 

0872 

58.979 

0965 

56.498 

1674 

57.020 

28 

415 

9328 

57.835 

0.9876 

58.998 

1.0440 

60.669 

1020 

62.8221 

24 

452 

8902 

62.429 

9425 

64.240 

0.9964 

66.049 

0617 

67.859 

26 

i     26 

491 

8613 
8156 

67.740 

9014 
8636 

69.705 

9628 

71.668 

1.0068 

78.631 

581 

78.268 

76.892 

9129 

77.616 

0.9686 

79.640 

27 

678 

7828 

79.011 

8289 

81.803 

8762 

88.698 

9249 

85.884 

28 

616 

7625 

87.974 

7968 

87.488 

8428 

89.900 

8891 

92.868 

29 

661 

7245 

91.161 

7671 

98.794 

8109 

96.486 

8560 

99.078 

80 
81 

.0707 

6985 

97.646 

0.7896 

100.87 
107.18 

0.7818 

108.20 

0.8252 

106.08 

755 

6742 

104.16 

7139 

7646 

110.^ 

7966 

118.22 

82 

804 

6516 

110.99 

6899 

114.20 

7298 

117.42 

7698 

120.64 

88 

855 

6304 

118.08 

6676 

121.45 

7056 

124.87 

7448 

128.801 

84 

908 

6106 

125.29 

6466 

128.98 

6884 

182.66 

7214 

186.19 

85 
86 

962 

5920 

132.77 

6268 

186.62 

6626 

140.47 

6994 

144.82 

1018 

5744 

140.47 

6082 

144.64 

6480 

148.61 

6787 

152.69 

87 

1075 

6679 

148.88 

5907 

152.68 

6245 

156.98 

6592 

161.28 

88 

1184 

5423 

156.21 

6742 

161.04 

6070 

166.68 

6407 

170.12 

89 

1195 

6276 

164.86 

5586 

169.63 

5905 

174.41 

6288 

179.191 

40 
41 

1267 

5186 
6003 

178.42 

5488 

178.44 

5748 

188.47 

6068 

188.50 

1320 

182.20 

5297 

187.48 

6600 

192.76 

5911 

198.04 

42 

1885 

4877 

191.19 

5164 

196.78 

6469 

202.28 

6762 

207.82 

48 

1452 

4757 

200.40 

6087 

206.21 

5825 

212.02 

6621 

217.88 

44 

1521 

4643 

209.88 

4916 

216.92 

5197 

222.00 

5486 

828.08, 

46 
46 

1590 

4535 
4431 

219.48 

0.4801 

225.84 

0.5076 

282.20 

0.6858 

888.67 

1662 

229.84 

4692 

236.99 

4969 

1^42.64 

5285 

249.291 

47 

1785 

4882 

289.42 

4587 

246.86 

4849 

258.80 

6118 

260.24, 

48 

1810 

4287 

249.72 

*   4486 

266.96 

4743 

264.20 

5006 

271.48 

49 

1886 

4U6 

260.28 

4890 

267.78 

4641 

276.82 

4899 

282.86 

50 
56 

1964 

4069 

270.96 

4298 
8890 

278.82 

4644 

286.67 

4796 

294.58 

2376 

8674 

327.86 

887.87 

4112 

846.87 

4841 

^5^.88 

60 

2827 

8865 

890.19 

8668 

401.60 

8756 

412.81 

8964 

424.121 

65 

8818 

8088 

467.98 

8269 

471.20 

8466 

484.48 

8648 

497.76 

70 

8848 

2869 

681.09 

8027 

646.48 

8200 

561.88 

8878 

577.27 

76 
80 

4418 

2662 

609.67 

2819 

627.84 

2980 

646.01 

8146 

562.68 

6027 

2491 

698.67 

2687 

718.77 

2788 

788  88 

2948 

758.98 

85 

6675 

2840 

788.08 

2478 

806.78 

2619 

828.48 

2766 

851.181 

90 

6862 

2207 

877.92 

2886 

908.87 

2470 

928.81 

2607 

954.26 

96 

7088 

2087 

978.17 

2210 

1006.58 

2886 

1084.9 

2466 

1068.24 

1.00 

0.7864 

0.198011088.9 

0.2097 

1116.27 

|0.2217il  146.7 

0.2840 

1178.12 
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TABLE   XXXV—DUeharge  of  Water  through  New  P^u. 
Compiled  ftom  Henry  Darcy^s  French  Tables  in  1667. 

IM  Ceuttmetres.  \ 

168  Gentimetrefl. 

16-J  Centlmetrefi. 

166  GentimetreR. 

170  Centimetres. 

Hgt  in 
100  met 

IHBch'ee 
In  litres. 

Hgt  in 
100  met 

Diseh'ge 
In  litrei. 

Hgt  in 
100  met 

Di8ch'ge 
in  litres. 

Hgt  in 
lOO  met. 

Diflcb'gt> 
in  litres 

Hgt  in 
100  met 

Diseh'ge 
in  litres. 

85.425 
27.368 
14.886 
9.8441 
7.2647 

0.121 
0.484 
1.089 
1.985 
8.024 

89.920 

28.808 
15.616 
10.866 
7.6470 

0.124 
0.496 
1.117 
1.985 
8.102 

94.581 
80.286 
16.417 
10.898 
8.0891 

0.127 
0.509 
1.145 
2.085 
8.181 

99.267 
81.800 
17.288 
11.448 
8.441 

0.180 
0.522 
1.178 
2.086 
3.259 

104.10 
88.851 
18.078 
12,001 
8.8627 

0.184 
0.584 
1.202 
2.186 
8.838 

6.7129 
4.6880 
8.9650 
3.4298 
8.0186 

4.864 
5,927 
7.741 
9.797 
12.095 

6.0186 
4.9847 
4.1787 
8.6102 
8.1774 

4.467 

6.081 

7.948 

10.061 

12.409 

6.8219 
6.1878 
4.8877 
3.7958 
8.8393 

4.580 

6.235 

8.144 

10.806 

12.728 

6.6380 
6.4471 
4.6070 
3.9851 
8.5078 

4.694 

6.888 

8.843 

10.661 

13.037 

6.9617 
6.7128 
4.8817 
4.1796 
3.6784 

4.807 

6.642 

8.645 

10.815 

18.862 

2.6984 
4802 
2180 
0309 

1.8760 

14.084 
17.416 
20.489 
28.706 
27.218 

2.8852 
5681 
8295 
1877 

1.9747 

16.014 
17.868 
20.971 
24.822 
27.919 

2.9806 
6888 
4489 
2473 

2.0760 

16.895 
18.822 
21.502 
24.938 
28.627 

1296 

2,8287 

5714 

8597 

2.1798 

15.776 
18.774 
22.038 
26.654 
29.885 

3.2822 

2.9614 

6968 

4748 

2:2861 

16.156 
19.227 
22.666 
26.170 
30.042 

7428 
6270 
5254 
4857 
8558 

80.962 
84.954 
39.187 
48.668 
48.280 

1.8845 
7126 
6057 
5118 
4272 

31.768 
36.862 
40.207 
44.797 
49.686 

1.9285 

•    8004 

6880 

6888 

5004 

32.572 
36.771 
41.224 
45.982 
50.894 

2.0260 

1.8904 

7724 

6682 

5754 

88.376 
37.678 
42.241 
47.065 
52.160 

1237 
1.9826 
8589 
7495 
6622 

84.181 
88.587 
48.260 
48.200 
58.407 

2843 
2199 
1616 
1086 
0601 

58.389 
58.540 
68.988 
69.667 
76.694 

d619 
2841 
2227 
1669 
1159 

54.726 
60.060 
66.645 
71.477 
77.558 

4212 
8489 
2854 
2267 
1781 

56.111 
61.681 
67.807 
78.287 
79.522 

4928 
4174 
8497 
2881 
2818 

57.495 
63.102 
68.969 
75.097 
81.484 

6661 
4866 
4155 
8609 
2919 

68.881 
64.623 
70.681 
76.906 
88.449 

0167 

0.9749 

9871 

9022 

.8698 

81.764 
88.178 
94.826 
101.72 
108.86 

0692 

1.0262 

9865 

9497 

0  9156 

83.886 
90.463 
97.290 
104.86 
111.68 

1240 
0788 
0870 
9984 
0  9625 

86.011 
92.754 
99.758 
107.00 
114.51 

1802 
1827 
0889 
0488 
1.0106 

88.134 
96.043 
102.21 
109.66 
iy.84 

2377 
1886 
1420 
0994 
1.0599 

90.268 
97.885 
104.68 
112.29 
120.17 

8896 
8114 
7861 
7604 
7878 

116.28 
128.85 
181.T2 
139.82 
148.17 

8888 
8541 
8264 
8004 
7760 

119.25 
127.07 
186.14 
148.45 
152.01 

9291 
8979 
8688 
8414 
8158 

122.27 
130.29 
188.56 
147.08 
155.86 

0.9756 
9428 
9122 
8885 
8566 

126.29 
188.50 
141.98 
150.71 
159.71 

0281 
9888 
9667 
9266 
8983 

128.81 
186.72 
145.40 
154.86 
168.66 

7154 
6948 
6758 
6570 
6896 

166.76 
165.68 
174.65 
183.97 
193.52 

7680 
7318 
7109 
6915 
6782 

160.82 
169.88 
179.19 
188.75 
198.65 

7916 
7688 
7478 
7270 
7077 

164.90 
174.18 
183.78 
198.52 
208.68 

213.88 
224.44 
285.26 
246.82 
267.65 

8812 
8078 
7847 
7638 
7481 

168.97 
178.48 
188.26 
198.80 
208.60 

8717 
8466 
8230 
8006 
7794 

173.04 
182.79 
192.80 
208.08 
218.68 

6281 
6074 
5925 
5788 
0.5647 

208.32 
218.86 
228.64 
284.16 
244.98 

6558 
6893 
6286 
6087 
0.5944 

208.60 
218.90 
229.45 
240.24 
261.29 

6896 
6721 
6556 
6899 
0.6249 

7289 
8057 
6884 
6719 
0.6562 

219.16 
229.99 
241.07 
262.41 
264.01 

7692 
7401 
7220 
7047 
0.6882 

224.44 
286.58 
246.88 
258.49 
270.87 

5618 
5894 
5276 
5168 
5055 

256.93 
267.18 
278.67 
290.41 
802.88 

6808 
6678 
5654 
6485 
5821 

262.58 
274.12 
286.00 
297.95 
810.23 

6106 
5969 
6889 
6714 
6594 

269.23 
281.06 
298.15 
805.49 
818.09 

6411 
6268 
6181 
5999 
5874 

275.88 
289.00 
300.89 
813.08 
826.94 

6724 
6674 
6480 
6292 
6160 

282.58 
294.94 
307.68 
820.58 
888.80 

4575 
4179 
8845 
8561 
8816 

865.88 
485.48 
611.02 
592.66 
680.86 

4816 
4898 
4047 
8748 
8490 

876.38 
446.74 
524.80 
608.06 
698.08 

5068 
4624 
4255 
8940 
8669 

884  89 
458.05 
687.57 
623.45 
715.70 

5816 
4855 
4468 
4187 
8852 

894.89 
469.86 
550,84 
638.84 
733.37 

6576 
5092 
4685 
4390 
4040 

408.89 
480.67 
564.11 
664.24 
751.04 

8102 
2914 
2748 
2599 
0.2466 

. T7—r 

774.09 
873.88 
979.71 
1091.6 
1209.5 

3265 
8068 
2892 
2786 
0.2596 

794.20 
896.57 
1006.0 
1120.0 
1241.0 

8484 
8225 
3041 
2877 
0.2729 

814.80 
919.27 
1031.0 
1148.0 
12720 
ri 

8604 
8886 
8198 
8020 
0.2866 

884.41 
941.97 
1056.0 
1177.0 
1304.0 

8780 
8&61 
8848 
8168 
0.8006 

854.52 
964.67 
1081.0 
1205.0 
1885.0 
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TABLE  XXSl.^Diteharff€  of  Water  through  New  P^Mt.                \ 
Complied  from  Henry  Daroy's  French  Tablet  of  1867. 

V«lor'y  p«r  nee.] 

174  CeDtimetrM.  | 

178  Centlmetrea.  | 

182  Centimetres. 

186  CSentimetew.  • 

Metre 
0.01 

ATM 

ofMcfn. 

Hgt.  In  1 
100  met. 

109.05 

lAsch'ge 
in  litres. 

Ugtin 
100  met 

DiKh*ge 
inUtree. 

UgLin 
100  met 

l>laeh'ge 
inUtree. 

0.148 

Hgt.  in 
100  met. 

in  lltne. 

0.0001 

0.187 

114.18 

0.140 

119.31 

124.62 

0.14fi| 

2 

08 

84.989 

0.547 

36.568 

0.159 

88.225 

0.572 

8d924 

0.584 

8 

07 

18.939 

1.280 

19.820 

1.258 

20.721 

1.287 

21.646 

1.315 

4 

18 

12.572 

2.187 

18.157 

2.287 

18.755 

2.287 

14.867 

2.8S7; 

5 
6 

20 

9.2741 
7.2932 

8.416 

9.7054 

8.495 
5.033 

10.147 

3.574 

10.697 

3.652 

1 

28 

4.920 

7.6824 

7.9792 

5.146 

8.8388 

5.259 

7 

88 

5.9848 

6.696 

6.2681 

6.850 

6.5478 

7.004 

6.8887 

7.1685 

8 

50 

5.0618 

8.747 

6.2972 

8.947 

5.5879 

9.149 

5.7840 

9.a49 

9 

64 

4.8784  11.069 

4.6821 

11.823 

4.7908 

11.578 

5.0082 

11.888' 

10 

11 

79 
95 

8.8535  18.665 

4.0827 

18.979 

4.2160 

14.294 

4.4084 

14.607 

3.4385 

16.686 

8.6984 

lb.916 

3.7619 

17.296 

3.9291 

17.676 

12 

118 

3.1024 

19.678 

3.2467 

20.180 

8.3943 

20.584 

8.5451 

21.035 

18 

138 

2.8252 

28.096 

2.9566 

28.625 

3.0909 

24.157 

8.2283 

24.687 

14 

154 

5920 

26.786 

2.7132 

27.400 

2.8865 

28.017 

2.9626 

28.632 

16 

16 

177 

2.3949 

30.747 

2.5063 

81.455 

2.6201 

32.162 

7866 

32.867 ' 

201 

2248 

34.984 

8283 

35.788 

4841 

36.591 

5428 

87.896 

17 

227 

2.0770 

39.494 

1736 

40.402 

2724 

41.811 

8784 

42.218 

18 

254 

1.9474 

44  277 

2.0379 

45.215 

1806 

46.814 

2253 

47.251 

19 

284 

8828 

49.833 

1.9181 

50.467 

0058 

51.602 

0944 

52.737 

20 
21 

814 

7309 
639b 

54.662 
60.267 

8114 

55.920 

1.8937 

57.177 

1.9779 

58.434 

346 

7158  61.651 

7938 

63.038 

8785 

64.428 

22 

880 

5573 

66.142 

6298 

67.662 

7088 

69.184 

7796 

70.704 

28 

415 

4829 

72.293 

5519 

73.958 

6224 

75.617 

6645 

77.277 

24 

452 

4152 

78.716 

4810  80.525 

5488 

82.855 

6171 

84.148 

25 

26 

491 

8534 
2967 

85.412 
92.382 

4163  87.876 

4807 

89.840 

5465 

91.802 

581 

8570 

94.504 

4186 

96.680 

4817 

98.752 

27 

578 

2445 

99.623 

8024 

101.92 

8616 

104.21 

4221 

106.50 

28 

616 

1964 

107.14 

2520 

109.60 

8089 

112.07 

8671 

114.58 

29 

661 

1518 

114.93 

2058 

117.67 

2601 

120.22 

8161 

122.86 

80 
81 

.0707 

1.1104 

07  f8 

122.99 

1.1620 
1217 

125.82 

1.2148 

128.65 

1.2688 

181.48 

755 

131.33 

134.85 

1727 

187.87 

2248 

140.89 

82 

804 

0369 

189.94 

0841 

148.15 

1383 

146.87 

1887 

149.59 

88 

855 

0023 

149.82 

0489 

152.24 

0965 

155.67 

1452 

159.09 

84 

908 

0.9707 

157.98 

1.0169 

161.61 

0620 

165.24 

1092 

168.87 

85 
86 

962 
1018 

9411 

167.41 

0.9849 

171.26 

1.0296 

175.11 

0764 

178.96 

9132 

177.11 

9667 

181.18 

0.9991 

185.25 

0485 

189.38 

87 

1075 

8870 

187.09 

9282 

191.39 

9704 

195.69 

1.0185 

199.99 

88 

1184 

8622 

197.84 

9022 

201.87 

9482 

206.41 

0.9852 

210.95 

89 

1196 

8887 

207.86 

8777 

212.64 

9176 

217.42 

9584 

222.19 

40 
41 

1257 

8165 

218.66 

8644 

223.68 

8988 

228.71 

9880 

288.74 

1820 

7964 

229.78 

8824 

285.01 

8702 

240.29 

9089 

245.57 

42 

1885 

7764 

241.07 

8114 

246.61 

8488 

252.15 

8860 

257.69 

48 

1452 

7563 

252.68 

7915 

268.49 

8275 

264.80 

8642 

270.11 

44 

1521 

7382 

264.67 

7725 

270.66 

8076 

276.74 

8485 

282.82 

45 
46 

1590 

0.7209 

276.74 
289.17 

0.7544 

288.10 

0.7887 

289.46 

0.8288 

295.82 

1662 

7044 

7872 

295.82 

7707 

802.47 

8940 

809.11 

47 

1785 

6887 

801.88 

7207 

308.82 

7534 

816.76 

7869 

822,70 

48 

1810 

6736 

314.86 

7049 

822.10 

7870 

829.84 

7697 

386.68 

49 

1886 

6592 

328.12 

6898 

835.66 

7212 

848.21 

7582 

850.76 

50 

55 

1964 

6468 

341.65 
418.39 

6764 
6113 

849  50 

7060 
6390 

857.86 

7874 

865.21 

2376 

5841 

422.90 

482.40 

6674 

441.90 

60 

2827 

5334 

491.97 

5582 

508.29 

5836 

514.59 

6096 

525.90 

65 

8818 

4909 

677.89 

5187 

590.66 

5370 

603.94 

5609 

617.21 

70 

8848 

4546 

669.63 

4767 

685.08 

4973 

700.42 

5194 

715.81 

75 

80 

4418 

4283 

768.71 
874.62 

4429 

786.38 
894.73 

4631 

804.05 

4887 

821.73 

5027 

8960 

4144 

4833 

914.83 

4625 

934.94 

85 

6Q76 

8720 

987.36 

8898 

1010.0 

4070 

1088.0 

4251 

1055.0 

90 

6862 

8508 

1107.0 

8671 

1132.0 

8888 

1158.0 

4008 

1208.0 

95 

7088 

8318 

1288.0 

8472 

1262.0 

8681 

1290.0 

8792 

1818.0 

100 

0.7854 

0.8148 

1367.0 

0.8295'  1398.0 

0.84451 1429.0 

0.8598i  1461.0 
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TABLE  XXXl.  —  Discharffe  of  Water  through  New 

Pipes,             i 

Compiled  from  Heniy  Barey's  French  Tables  of  1857. 

190  Centimetres.  | 

194  Centimetres.  | 

200  C^entimetree. 

210  I'-entimetres 
Hgt  in  ,  DischV. 

220  Centimetres.  | 

Ugtin 

Direh'ge 

ligt.  in 

DiMh'ge 

Hgt.  lo 

Wsch'r. 

Ugtin 

Disch'ge 

100  met 

in  litres. 

100  met 

in  litres. 

100  met 

in  litres 

100  met 

in  litres 

100  met 

in  litres. 

180.08 

0.149 

186.66 

0.162 

144.08 

0.157 

158.85 

0.166 

174.84 

0.178 

41.669 

0.697 

48.482 

0.609 

46.160 

0.628 

50.891 

0.660 

55.854 

0.691 

22.682 

1.848 

23.643 

1.872 

25.022 

1.414 

27.687 

1.484 

30.277 

1.565 

34.981 

2.388 

16.628 

2.488 

16.610 

2.518 

18.813 

2.639 

20.098 

2.765 

11.068 

8.731 

11.629 
9.066 

8.809 
6.485 

12.253 

3.927 

18.609 
10.623 

4.123 

14.826 

4.320 

8.696 

6.872 

9.636 

6.655 

6.938 

11.659 

6.220 

7.186 

7.812 

7.440 

7.466 

7.907 

7.697 

8.717 

8.082 

9.667 

8.446 

6.086 

9.661 

6.292 

9.751 

6.687 

10.053 

7.873 

10.656 

8.092 

11.068 

6.221 

12.087 

6.443 

12.341 

5.786 

12.723 

6.373 

13.361 

6.999 

13.996 

4.696 

14.923 

4.790 
4.274 

16.286 

5.091 

16.708 

6.613 

16.493 

6.160 

17.279 

4.100 

18.066 

18.436 

648 

19.007 

6.009 

19.957 

6.497 

20.907 

3.699 

21.489 

3.857 

21.940 

099 

22.620 

4.619 

23.761 

4.960 

24.881 

869 

26.219 

612 

26.749 

3.733 

26.547 

4.116 

27.874 

616 

29.201 

091 

29.248 

229 

29.864 

425 

30.788 

8.776 

32.327 

146 

83.866 

2.866 

88.676 

2.9771 

84.383 

8.164 

35.348 

488 

37.110 

8.829 

88.877 

668 

88.208 

766 

39.004 

2.939 

40.212 

241 

42.223 

667 

44.284 

477 

48.126 

682 

44.084 

744 

46.396 

026 

47.666 

820 

49.936 

822 

48.849 

421 

49.867 

673 

50.894 

2.837 

68.430 

118 

56.883 

186 

68.871 

278 

66.005 

422 

56.706 

670 

59.641 

2.930 

62.876 

064 

69.690 

161 

60.946 

287 

62.832 

621 

66.974 

767 

69.116 

1.966 

66.809 

038 

67.195 

166 

69.272 

388 

72.736 

621 

76.200 

867 

72.226 

1.936 

73.746 

068 

76.027 

268 

79i828 

490 

88.629 

768 

78.941 

843 

80.601 

1.969 

83.096 

160 

87.250 

871 

91.406 

687 

86.964 

769 

87.763 

870 

90.478 

061 

95.002 

262 

99.626 

614 

98.266 

682 

95.280 

788 

98.176 

1.971 

103.08 

164 

107.99 

646 

100.88 

612 

108.00 

713 

106.16 

889 

111.60 

073 

116.81 

484 

108.79 

647 

111.08 

644 

114.61 

818 

120.24 

1.990 

126.96 

427 

116.99 

487 

119.46 

681 

123.16 

743 

129.81 

918 

185.47 

878 

126.60 

432 

128.14 

622 

132.10 

678 

188.71 

84r 

146.32 

1.824 

184.80 
148.41 

1.3808 

137.13 

1.467 

141.87 

1.617 

148.44 

1.775 

155.61 

278 

382 

146.42 

416 

160.96 

661 

168.60 

714 

166.06 

286 

162.81 

288 

166.02 

861 

160.86 

609 

168.89 

666 

176.94 

196 

162.61 

246 

166.93 

824 

171.06 

460 

179.61 

602 

188.17 

168 

172.61 

207 

176.14 

282 

181.68 

414 

190.66 

652 

199.74 

122 

182.80 

170 

166.66 

248 

192.42 

871 

202.04 

606 

211.67 

089 

198.40 

186 

197.47 

207 

203.68 

880 

213.76 

460 

223.93 

068 

204.29 

103 

208.69 

172 

216.04 

292 

225.80 

418 

236.65 

028 

216.48 

072 

220.02 

189 

226.82 

266 

238.17 

878 

249.61 

000 

226.97 

043 

281.75 

108 

238.92 

222 

260.87 

841 

262.81 

0.974 

238.76 

016 

248.79 
256.18 

079 

281.83 

189 

263.89 

806 

276.46 

948 

250.86 

0.989 

061 

264.06 

169 

277.26 

272 

2W0.46 

926 

268.24 

964 

268.78 

024 

277.09 

129 

290.96 

240 

804.80 

902 

276.92 

940 

281.78 

0.999 

290.44 

102 

804.96 

209 

319.49 

880 

288.90 

918 

294.98 

975 

304.11 

076 

819.31 

180 

384.62 

0.860 

302.18 

0.896 

308.64 

0.963 
921 

ai8.09 

1.060 

333.99 

1.168 
126 

349.89 

940 

816.76 

876 

822.41 

832.38 

026 

349.00 

866.62 

821 

829.64 

866 

886.68 

910 

346.99 

008 

864.34 

101 

381.69 

808 

843.82 

887 

361.05 

890 

861.91 

0.981 

380.01 

077 

398.10 

786 

368.29 

819 

365.84 

871 

377.16 

961 

396.01 

064 

414.87 

769 
696 

378.07 

802 

380.92 

853 

392.70 

940 

412.84 

032 

431.97 

461.41 

726 

460.91 

772 

476.17 

851 

498.92 

0.934 

522.68 

636 

687.21 

663 

548.62 

706 

566.29 

777 

593.76 

863 

622.04 

686 

63a48 

610 

648.76 

749 

663.66 

715 

696.85 

786 

780.08 

642 

781.21 

666 

746.60 

607 

759.69 

662 

808.18 

727 

846.66 

606 

839  40 

626 
492 

867.07 

669 

883.58 

617 

927 .76 

677 

971.98 

472 

956.06 

976.15 

628 

1005.0 

677 

1056.0 

683 

1106.0 

444 

1078.0 

462 

1101.0 

492 

1156.0 

642 

1192.0 

696 

1248.0 

418 

1209.0 

486 

1234.0 

463 

1272.0 

•611 

1336.0 

661 

1400.0 

896 

1347.0 

412 

1376.0 

488 

1478.0 

483 

1489.0 

631 

1669.0 

0.876 

1492.0 

0.3914  1624.0 

0.416 

1671.0 

0.459 

1649.0| 

0.603 

1728.0 

261 


TABLE  XXXL—Viteharffe  of  Water  tkrough  Kew  Pipa. 

Compile 

230Cont 

d  from  Henrj  Oarey's  French  Tables  of  1867.                        || 

Veioc' 
VUkta. 

J  per  MC. 
ArMof 

Imetres. 

24<>  CentimetrM. 

250  CenUmetreiL 

260  Oenttmetras.  H 

H(rt.  in 

Diiwh'ge 

llgt  in 

DiKhgtt 

Ugtin 

Disch'ge 

Ugt  in 

DieefagsH 

0.01 

Mctlon. 
0.0001 

100  met 
190.65 

iD  litrwL 
0.181 

100  met 

In  litres. 

100  met 

inUtns. 

too  met. 

in  Utres. 

207.48 

0.188 

226.12 

0.196 

248.50 

0.204 

2 

08 

61.047 

0.723 

66.470 

0.754 

72.125 

0.785 

78.010 

0.817 

8 

07 

33.092 

1.626 

36.032 

1.697 

39.097 

1.768 

42.287 

1.8S8i 

4 

18 

21.967 

2.890 

28.918 

8.016 

25.968 

8.142 

28.071 

8.267 

6 
6 

20 

28 

16.204 
12.748 

4.616 

17.644 

4.712 

19.146 

4.909 

20.707 

5.105 

6.603 

13.875 

6.786 

16.056 

7.069 

16.284 

7.881 

7 

38 

10.457 

8.861 

11.886 

9.286 

12.855 

9.621 

18.863 

10.006 

8 

50 

8.844 

11.661 

9.630 

12.064 

10.449 

12.566 

11.802 

13.069' 

9 

64 

7.650 

14.682 

8.380 

15.268 

9.039 

15.904 

9.776 

16541 

10 
11 

79 
96 

6.733 

18.064 

7.331 

18.850 

7.956 

19.635 

8.604 

20.420 

6.008 

21.868 

6.642 

22.808 

7.098 

28.768 

7.677 

24.709 

12 

113 

5.421 

26,012 

5.902 

27.148 

6.406 

28.274 

6.927 

29.405 

18 

188 

4.986 

30.629 

5.376 

31.866 

5.882 

83.188 

6.808'  34.516 

14 

154 

4.580 

36.406 

4.982 

86.946 

5.852 

88.485 

5.789 

40.024 

15 

Itt 

177 

4.186 

40.644 
46.244 

4.566 
233 

42.412 

4.944 

44.179 

5.847 

45.946 

201 

8.887 

48.255 

692 

60.266 

4.968 

62.276 

17 

227 

629 

52.206 

8.952 

54.476 

288 

56.745 

638 

59.016 

18 

254 

403 

68.428 

705 

61.073 

020 

68.617 

848 

66.162 

19 

284 

203 

66.212 

487 

68.047 

8.784 

70.882 

092 

78.718 

20 
21 

814 

024 

72  267 

293 

75.398 

578 

78.540 

8.865 

81.682 

346 

2.806 

79.663 

119 

88.127 

885 

86.590 

661 

90.064 

22 

380 

721 

87.431 

2.963 

91.232 

215 

96.038 

477 

9&&85 

23 

415 

691 

96.660 

821 

99.714 

061 

108.87 

811 

108.02 

24 

452 

473 

104.06 

692 

108.57 

2.922 

118.10 

160 

117.62 

25 
26 

491 

865 

112.90 

575 

117.81 

794 

122.72 

022 

127.68 

531 

266 

122.11 

467 

127.42 

677 

132.78 

2.895 

180.04 

27 

578 

176 

181.69 

868 

187.41 

569 

148.14 

779 

148.87 

28 

616 

090 

141.62 

276 

147.78 

470 

158.94 

671 

160.10 

29 

661 

013 

151.92 

191 

168.58 

878 

166.18 

672 

171.74 

80 
81 

.0707 

1.940 

162.58 

2.118 

169.65 

2.292 

176.72 

2.479 

183.78 

765 

873 

173.6U 

039 

181.16 

218 

188.69 

393 

196.24 

82 

804 

810 

184.98 

1.971 

198.02 

188 

201.06 

313 

209.111 

83 

855 

751 

196.72 

907 

205.27 

069 

218.88 

288 

222.88! 

84 

908 

696 

208.82 

847 

217.90 

004 

226.98 

167 

286.06 

85 

86 

962 

644 

596 

221.29 

790 

230.91 

1.943 

240.53 

101 

250.15- 

1018 

234.11 

787 

244.29 

886 

264.47 

039 

264.65 

37 

1076 

560 

247.30 

687 

268.06 

881 

268.80 

1.980 

279.56 

88 

1184 

506 

260.86 

640 

272.19 

780 

283.54 

925 

294.87 

89 

1195 

465 

274.76 

696 

286.70 

781 

298.65 

878 

810.59 

40 
41 

1257 

427 
390 

289.03 
303.66 

563 

801.59 

686 

314.16 
330.07 

823 

826.73^ 

1320 

513 

316.86 

642 

776 

843.27 

42 

1386 

356 

818.65 

475 

332.61 

601 

346.86 

781 

860.22 

48 

1452 

822 

384.01 

439 

848.63 

561 

868.06 

689 

877.58 

44 

1521 

290 

349.72 

404 

364.93 

524 

380.13 

648 

395.84 

45 
46 

1690 

1.260 

366.80 

1,872 

381.70 

1.488 

897.61 

1.610 

418.51 

1662 

231 

382.24 

340 

298  86 

454 

415.48 

673 

482.10 

47 

1736 

203 

399.04 

810 

416.39 

422 

488.74 

538 

451.09 

48 

1810 

177 

416.20 

282 

434.29 

891 

462.89 

504 

470.49 

49 

1886 

152 

433.72 

254 

452.58 

861 

471.44 

472 

490.80 

60 
55 

1964 

128 
0.024 

451.61 
546.44 

228 

471.24 

832 

490.88 

441 

510.51 

2376 

111 

670.20 

206 

593.96 

804 

617.72 

60 

2827 

931 

660.31 

015 

678.69 

101 

706.80 

191 

735.13 

65 

3818 

868 

763.21 

0.934 

796.40 

018 

829.58 

096 

862.76 

70 

8848 

794 

885.15 

866 

928.63 

0.938 

%2.12 

015 

1001.0 

75 
80 

4418 

740 

1016.0 
1166.0 

806 

1060.0 

874 

1104.0 

0.946 

1149.0 

5027 

692 

763 

1206.0 

818 

1257.0 

884 

1807.0 

85 

5676 

660 

1806.0 

708 

1362.0 

768 

1419.0 

881 

1476.0 

90 

6362 

613 

1463.0 

667 

1527.0 

724 

1590.0 

788 

1654.q 

95 

7088 

680 

1630.0 

631 

1701.0 

685 

1772.0 

741 

1848.0 

1.00 

0.7854 

0.560 

1806.0 

0.599 

1885.0 

0.650  1964.01 

0.703 

2042.0 

202 


TABLE  XXXI 
Compiled 

;.  —  Difcharffe  of   Water  through  New  Fipea. 
from  Henry  Darey's  French  Tables  of  1867. 

270  C«nttmetr«8. 

380  Centimetres. 

200  Centimetres. 

300Cantimetre» 

Hgt.  in 
100  met 

Dliich*ge 
la  litres 

Hgt.  in 
100  met 

Dirah'ge 
In  litres. 

Ugt  In 
100  met 

Disch'ice 
in  litres. 

Hgt  in 
100  met 

I>i8<^'ge 
in  litres. 

262.69 
81.127 
46.608 
80.272 
22.881 

0.212 
0.848 
1.909 
8.898 
6.801 

282.40 
90.474 
49.048 
82.566 
24.016 

0.220 
0.880 
1.979 
3.519 
6.498 

302.98 
97.061 
62.609 
34.923 
26.762 

0.228 
0.911 
2.060 
8.645 
6.694 

824.18 
108.86 
66.300 
87.478 
27.669 

0.236 
0.942 
2.121 
8.770 
6.891 

17.661 
14.410 
12.188 
10.648 
9.279 

7.684 
10.891 
18.672 
17.177 
21.206 

18.886 
16.498 
18.107 
11.388 
9.979 

7.917 
10.776 
14.074 
17.818 
21.991 

20.269 
16.624 
14.060 
12.162 
10.704 

8.200 
11.161 
14.577 
18.449 
22.777 

21.680 
17.791 
16.047 
13.016 
11.456 

.  8.482 
11.645 
16.080 
16.459 
23.562 

8.279 
7.470 
6  808 
6.248 
6.767 

26.669 
80.686 
86.888 
41.568 
47.718 

8.904 
8.084 
7.816 
6.714 
6.202 

26.609 
31.667 
37.166 
48.108 
49.480 

9.561 
8.618 
7.848 
7.202 
6.663 

27.560 
32.798 
38.492 
44.642 
61.247 

10.221 
9.222 
8.398 
7.707 
7.119 

28.510 
38.929 
89.820 
46.182 
53.016 

867 
001 
4.689 
418 
168 

64.287 
61.286 
68.707 
76.668 
84.828 

6.761 

878 

6.043 

4.746 

482 

66.297 
63.565 
71.252 
79.888 
87.965 

6.180 
6.770 
5.409 
5.091 
4.808 

58.308 
65.824 
73.796 
82.223 
91.106 

6.614 

6.174 

6.789 

448 

146 

60.319 
68.094 
76.341 
86.059 
94.248 

8.948 
760 
671 
408 
269 

93.618 
102.64 
112.18 
122.15 
182.54 

246 

4.083 

8.840 

666 

506 

96.981 
106.44 
116.38 
126  67 
187.45 

4.654 

326 

4.119 

8.981 

759 

100.45 
110.24 
120.49 
181.19 
142.35 

4.874 
629 
408 
207 
028 

108.91 
114.04 
124.64 
185.72 
147.26 

122 

2.997 

881 

778 

2.674 

148.86 
154.69 
166.25 
178.84 
190.85 

868 

228 

8.098 

2.988 

876 

148.66 
160.32 
172.41 
184.95 
197.92 

602 
467 
823 
199 
8.084 

163.97 
166.04 
178.67 
191.55 
204.99 

8.855 
700 
656 
424 

8.301 

169.28 
171.77 
184.78 
198.16 
212.06 

681 
494 
418 
887 
266 

208.79 
217.15 
280.98 
246.14 
269.77 

776 
688 
695 
614 
487 

2X1.84 
225.19 
239.48 
264.22 
269.89 

2.977 
878 
784 
696 
614 

218.88 
238.28 
248.04 
263.30 
279.01 

186 

079 

2.979 

886 
798 

226.48 
241.28 
266.69 
272.87 
288.64 

199 
186 
076 
019 
1.966 

274.88 
290.81 
806.21 
822.64 
889.29 

866 
2^7 
283 
172 
114 

286.01 
801.06 
817.65 
384.49 
361.86 

587 
464 
896 
880 

268 

296.19 
811.81 
828.89 
846.48 
864.43 

715 
687 
663 
493 
427 

805.86 
322.56 
340.24 
368.38 
876.99 

916 
867 
821 
778 
1.786 

86J5.74 
874.07 
892.10 
410.64 
429.42 

060 

2.008 

1.959 

912 

867 

369.67 
887.98 
406.62 
426.75 
446.32 

209 
164 
101 
061 
2.008 

382.88 
401.78 
421.14 
440.96 
461.28 

864 
805 
248 
194 
2.148 

896.Q8 
415.64 
436.66 
466.16 
477.13 

696 
668 
622 
687 
664 

448.72 
468.44 
488.58 
609.16 
680.16 

824 
783 
744 
707 
671 

466.34 
486.79 
606.68 
628.01 
549.78 

1.967 
913 
871 
881 
798 

481.96 
508.14 
624.77 
546.87 
669.42 

094 
047 
002 
1.959 
918 

498.67 
620.49 
642.87 
665.78 
689.06 

406 
284 
182 
096 
.  019 

641.47 
768.41 
896.96 
1089.0 
1193.0 

618 
881 
271 
177 
096 

666.23 
791.68 
929.18 
1078.0 
1237.0 

628 
482 
864 
263 
176 

688.99 
819.96 
962.81 
1116.0 
1281.0 

786 
686 
469 
861 
268 

712.76 
848.28 
996.60 
1155.0 
1826.9 

0.968 
896 
846 
799 

0.768 

1867.0 
1682.0 
1718.0 
1914.0 
212K0 

1.026 

0.968 

908 

869 

0.81^ 

1407.0 
1689.0 
1781.0 
1986.0 
2199.0 

100 
1.033 
0.097 

922 
0.876 

1468.0 
1646.0 
1846.0 
2066.0 
2278.0 

177 

106 

043 

0.986 

0.986 

1608.0 
1702.0 
1909.0 
2126.0 
2362.0 

TABLE 

X  X  X  I  L 

7b  reduce 
Oenlimetre*    to 
JBuffiiMh  tfidkes. 


Metre 


0.01 
02 
08 
04 
06 
06 
07 
08 
09 
0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
32 
88 
84 
86 
86 
87 
88 
89 
40 
41 
42 
48 
44 
46 
46 
47 
48 
49 
60 
66 
60 
66 
70 
76 
80 
86 
90 
96 
1.00 


JBnglish 
inches 


0.89 

79 

1.18 

1.58 

1.97 

2.86 

2.76 

8.16 

8.64 

8.94 

4.88 

4.78 

6.12 

6.61 

5.91 

6.80 

6.69 

7.09 

7.48 

7.88 

8.27 

8.66 

9.06 

9.46 

9.86 

10.24 

10.63 

11.08 

11.42 

11.81 

12.2] 

12.60 

18.00 

13.89 

18.78 

14.18 

14.67 

14.96 

16.86 

16f76 

16.16 

16.54 

16  98 

17.88 

17.72 

18.12 

18.61 

18.90 

19.80 

19.69 

21.66 

28.68 

25.60 

27.57 

29.64 

81.50 

88.47 

86.44 

87.41 

39.88 


' 
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Mf  Daroy  compared  the  Tarioiu  formulas  on  the  discharge  of  water 
through  pipeS|  and^  found  that  the  theoretical  and  practical  die- 
charges  differed  considerably.  The  experiments  made  by  him  on  the 
discharge  through  68  pipes  of  cast  and  wrought  iron,  lead  and  bitu- 
men, with  Telocities  from  10  centimetres  to  8  metres  per  second, 
hare  'shown,  that  former  formulas  were  not  correct  His  being 
'  employed  by  the  municipal  government  of  Paris  to  make  the  necessary 
experiments,  no  pains  or  expenses  were  spared.  From  these  careful 
experiments,  he  has  been  able  to  determine  a  fbrmula  which  reconciles 
theory  with  practice.  M.  Darcy's  great  work  has  been  published 
with  the  approval  of  the  French  Academy  of  Sciences,  and  ought  to 
have  a  place  in  every  engine.er*s  library.  It  is  a  quarto  of  268  pages, 
with  a  folio  atlas. 

M.  Darcy's  formula  is  as  follows : 

0.00000647 

B  i  =  (0.000507  H )  ya 

R 

0.0000066 

Or  R  I  =  (0.00061  H — )  V* 

R 

0.00051      0.0000066      ^ 
i  =  ( — —  +  — — — )  V*  =  charge  per  metre. 

0.0507      0.000647 

100  i  =  ( 1 -— )  V«  =  cbaige  per  100  metres. 

R>  R«     '  • 

Let  a  =  0.00061, 

b  =  0.0000066 ;  then  we  have,  by  quadratics, 

a  V*        b  V*      a  v4  J 
R  =  -pr  +  ("": — h  TT^)   =  Tsdmn  of  conduit  or  ppe. 

ExampU,    Given  V  =  velocity  in  metres  per  second  ;=^  0,80  met. 

R  =  radius  of  pipe  or  conduit  =  0.20  metres. 
To  find  the  head,  height  or  charge  in  lOQ  metres. 

0.0607      0.000647 

100  m.  ( \-  — -—  )  0.09  =  0.0242707&. 

^    .2       '        .04»    '' 

Q  =  S  V,  that  is  the  quantity  discharged,  is  found  by  multiplying 
the  sectional  area  by  the  velocity.  The  product  wiU  be  cubic  metres, 
which,  if  divided  into  cubic  decimetres,  will  give  the  discharge  in 
litres.  Or,  having  the  product  S  V,  remove  the  decimal  point  three 
places  to  the  right,  for  litres. 

ETumple,    S  :==:  .7864  =  area  of  pipe  in  metres. 

V  =  1.       =  velocity  per  second  in  metres. 
.001  =  1  cubic  decimetre  =  1  litre. 
.001  divided  into  .7864  =  786.4  Utres. 

From  iht  abovt,  we  have  : 

R_i i 

"^=(0.000607  -4-  ^'^^^^^^^•*^)  in  metres,  in  terms  of  its  radiiis. 

'  R 

D  i  _  i 

Or  y  =  (001014  -1.  -^^^^^-^^j  in  metres,  m  term^of  its-diameter. 

V=  (o.000809  +  '^-^)  »  B»gHdi  feet         ^ 
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